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showed  a  reduction  in  jet  noise  of  2.0  PNdB  at  static  takeoff  power  with 
an  attendant  0.3  percent  improvement  in  fuel  consumption.  A  second  mixer 
configuration,  defined  on  a  preliminary  basis  for  JT8D-powered  727  air¬ 
craft,  demonstrated  a  4.7  PNdB  reduction  in  jet  noise  at  takeoff  power. 
However,  a  penalty  of  1.3  percent  in  fuel  consumption  was  incurred,  and 
this,  combined  with  an  incompatibility  in  the  reverse  thrust  mode,  indi¬ 
cated  that  significant  additional  development  work  is  required  to  demon¬ 
strate  a  viable  configuration  for  727  aircraft.  Testing  was  also  succes¬ 
sful  in  demonstrating  the  structural  integrity  of  the  mixer.  In  addi¬ 
tion,  the  presence  of  the  mixer  did  not  impart  any  adverse  interactive 
effects  on  the  stress  levels  of  other  engine  components. 
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PART  I 

JT8D  ENGINE  EXHAUST  MIXER  PROGRAM  —  EXECUTIVE  SUMMARY 


SECTION  1.0  —  INTRODUCTION 

During  the  past  seven  years,  Pratt  &  Whitney  Aircraft  has  been  actively 
involved  in  developing  internal  exhaust  mixing  technology  as  a  method  to 
suppress  jet  noise  in  turbofan  engines.  Internal  exhaust  mixing  involves 
mixing  the  low  velocity  fan  stream  flow  with  the  higher  velocity  core 
engine  flow  to  produce  a  uniform  exit  velocity  profile  for  low  noise. 
Furthermore,  if  the  mixing  can  be  achieved  efficiently,  an  improvement 
in  propulsive  efficiency  may  be  attained. 

The  merit  of  exhaust  mixing  has  been  verified  in  previous  technology 
programs.  Noise  reductions  up  to  3  PNdB  have  been  demonstrated  with 
scale  models  of  mixer  configurations  under  an  earlier  Federal  Aviation 
Administration  (FAA)  sponsored  program  (contract  D0T-FA76WA-3809) . 

To  demonstrate  that  these  benefits  are  translatable  to  a  full  scale 
mixer,  Pratt  &  Whitney  Aircraft  completed  a  two-year  program  sponsored 
by  the  Federal  Aviation  Administration  (FAA)  and  supplemented  by  an  in- 
house  mixer  technology  program.  This  effort  focused  on  static  engine 
acoustic  testing  of  different  mixer  configurations  suitable  for  JT8D- 
powered  comnercial  aircraft.  Most  of  the  work  centered  on  establishing  a 
mixer  configuration  with  a  relatively  flat  exit  velocity  profile  for 
DC-9  aircraft,  although  some  testing  at  the  end  of  the  program  was  ac¬ 
complished  on  a  mixer  for  a  727  installation.  The  major  goals  defined 
for  the  program  included: 

o  A  reduction  in  st3tic  noise  of  3  PNdB  (peak  percieved  noise 
level ) 

o  Minumum  installation  changes  in  JT8D  engine- powered  aircraft 
o  No  loss  in  takeoff  thrust 

o  No  adverse  engine  effects 

o  No  increase  in  cruise  thrust  specific  fuel  consumption. 


SECTION  2.0  —  MIXER  A E ROME CHAN I CAL  DESIGN 


2.1  DESIGN  CONSIDERATIONS  AND  INSTALLATION  REQUIREMENTS 

Major  factors  influencing  the  mixer  aeromechanical  design  were  experi¬ 
ence  gained  in  previous  work,  durability  requirements,  and  compatibility 
with  JT8D  engine  mounting  and  structural  limitations. 

The  basic  mixer  design  was  predicated  on  the  results  from  a  preceding 
Federal  Aviation  Administration  and  Pratt  &  Whitney  Aircraft- sponsored 
model  test  program.  This  work  established  the  number  of  lobes  and  aero- 


dynamic  definition  of  the  lobe  convolution.  In  addition,  results  from 
ongoing  programs  funded  by  Pratt  &  Whitney  Aircraft  provided  guidelines 
for  the  structural  design. 

Other  factors  affecting  the  mixer  design  were  the  installation  con¬ 
straints  imposed  by  the  different  airframes.  To  coordinate  the  mixer 
design  with  the  requirements  unique  to  the  DC-9  and  727  airframes,  inte¬ 
gration  studies  were  conducted  on  a  continuing  basis  throughout  the 
program.  This  effort  was  aimed  at  assuring  component/airframe  compati¬ 
bility  with  mimimun  airframe  modifications.  Significant  results  from 
these  studies  that  directed  the  mixer  design  are  summarized  below. 

o  The  differences  between  the  727  and  DC-9  airframes,  in 

particular  the  thrust  reverser  system  in  the  727  aircraft, 
dictated  a  different  mixer  configuration  for  each  airframe. 

o  A  maximum  temperature  of  approximately  500°F  was  estab¬ 
lished  for  the  DC-9  tailpipe  acoustic  lining  because  of  the 
potential  deleterious  effect  on  the  bonding  of  the  lining  ma¬ 
terial.  The  implications  of  a  900°F  temperature  recorded  on 
the  727  tailpipe  could  be  potentially  serious,  but  were  not 
investigated  because  tailpipe  considerations  for  this  test 
were  deleted  by  the  FAA. 

o  The  outer  attachment  flange  and  support  system  was  revised  to 
improve  structural  integrity  characteristics. 

2.2  FINAL  MIXER  DESIGNS 

On  the  basis  of  airframe  differences,  separate  designs  were  pursued  for 
each  installation.  The  final  mixer  configurations,  as  evolved  through 
experimental  testing,  are  shown  in  Figures  2.3-1  and  2.3-2  for  the  DC-9 
and  Boeing  727  installations,  respectively.  Each  design  was  successful 
in  reducing  peak  perceived  noise  levels  and  meeting  physical  installa¬ 
tion  requirements.  However,  although  a  determination  of  any  operational 
problems  between  the  5Z  mixer  and  727  tailpipe  while  in  the  reverse 
thrust  mode  was  beyond  the  scope  of  work  in  this  program,  testing  in  a 
related  program  has  identified  a  mixer/reverser  incompatibility  in  the 
reverse  thrust  mode. 

The  principal  components  of  the  mixer  assembly  are  the  (1)  convoluted 
mixer  geometry,  (2)  hardwall  tailplug  and  (3)  outer  support  ring.  Both 
mixers  are  a  12-lobe  configuration.  In  each  design,  the  tailplug  is 
supported  by  twelve  inner  struts  and  the  entire  mixer  structure  is  sup¬ 
ported  by  twelve  outer  struts.  The  outer  support  system  is  flexible  to 
compensate  for  thermal  expansion  differences  between  the  lobes  and  outer 
attachment  ring.  The  main  distinction  in  the  two  mixers,  however,  is  the 
differences  in  the  lobe  geometry,  particularly  the  discharge  scarf 
angl ea . 
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Figure  2.3-1  Mixer 
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Figure  2.3-2 


Mixer 


A  cross  sectional  view  of  the  mixer  design  and  installation  hardware  for 
the  DC-9  airframe,  designated  configuration  Mod.  5M,  is  shown  in  Figure 
2.3-3.  Because  of  the  tailpipe  temperature  limit,  the  lobe  shape  and  len¬ 
gth  is  sufficient  to  direct  the  high  temperature  core  gases  away  from  the 
tailpipe  outer  wall.  This  design  is  characterized  by  nonuniform  scarf 
cuts.  Larger  scarf  angles  are  incorporated  on  the  top  lobes,  relative  to 
the  bottom  six  lobes  to  accommodate  the  cant  in  the  DC-9  tailpipe. 


Figure  2.3-3  Cross  Sectional  View  of  Mod.  5M  Configuration 

A  cross  sectional  view  of  the  mixer  for  the  727  airframe,  designated  con¬ 
figuration  Mod.  5Z,  is  shown  in  Figure  2.3-4.  In  contrast  to  the  5M  con¬ 
figuration,  the  lobes  have  uniform  scarfing  of  36  degrees  and  extended 
lobe  valleys.  Since  no  tailpipe  temperature  restrictions  were  imposed 
with  the  727  installation,  the  lobe9  were  shorter  and  oriented  for  mini¬ 
mum  protrusion  into  the  reverser  cascade  area  in  order  to  prevent  inter¬ 
ference  during  operation  in  the  reverse  thrust  mode.  The  tailplug  has 
also  been  moved  aft  6  inches  to  improve  engine  matching  and  reduce  the 
mixer/ plug  gap. 


Cross  Sectional  View  of  Mod.  5Z  Configuration 


Figure  2.3-4 


Both  mixers  are  fabricated  from  conventional  materials  using  standard 
manufacturing  practices.  Installation  trials  demonstrated  that  the  mixer 
could  be  installed  in  an  engine  in  an  hour  or  less. 

SECTION  3.0  —  EXPERIMENTAL  ENGINE  TEST  RESULTS 


3.1  TEST  PROGRAM  SUMMARY 

Substantiation  and  refinement  of  the  mixer  designs  was  accomplished 
through  a  series  of  performance  and  acoustic  evaluations  using  a  Pratt  & 
Whitney  Aircraft  JT8D-17  experimental  engine  as  the  test  vehicle.  All 
testing  was  conducted  at  sea  level  static  conditions.  Special  instrumen¬ 
tation  was  installed  to  monitor  engine  sensitivity  to  the  presence  of  the 
mixer  and  to  acquire  key  temperature  and  pressure  data,  including  exit 
profile  patterns.  Acoustic  testing  was  conducted  at  the  Pratt  &  Whitney 
Aircraft  outdoor  acoustic  facility,  which  is  equipped  to  measure  far 
field,  near  field  and  sideline  noise  levels. 

In  total,  11  mixer  configurations  were  evaluated  during  the  program, 
accounting  for  approximately  230  hours  of  development  testing.  Over  1100 
performance  data  points  and  360  acoustic  points  were  acquired. 

3.2  OVERALL  PERFORMANCE  EFFECTS 

General  engine  component  operating  characteristics  were  essentially  un¬ 
affected  by  the  installation  of  the  final  mixer  configurations .  Fan  surge 
margin,  although  sensitive  to  area  ratio  as  demonstrated  during  the  test¬ 
ing  of  earlier  configurations,  closely  approached  the  characteristics  of 
a  standard  JT8D  engine  with  the  final  mixer  configurations.  The  effects 
on  operation  in  the  reverse  mode  were  not  investigated  in  this  program. 
Other  key  engine  parameters  such  as  net  thrust,  discharge  pressures  and 
temperatures,  and  flow  showed  only  slight  differences  from  standard 
engine  levels.  The  effects  on  fuel  consumption  and  noise  levels  are 
summarized  in  following  sections. 

The  degree  of  radial  and  circumferential  mixing  was  assessed  by  obtain¬ 
ing  velocity  profiles  of  the  nozzle  exit  plane.  Figure  3.1-1  illustrates 
Che  effectiveness  of  the  final  mixer  configurations  to  disperse  radially 
the  higher  temperature  and  higher  velocity  core  gases.  The  dispersion  of 
core  gases  to  the  outer  portion  of  the  fan  stream  is  most  pronounced  with 
the  Mod.  jZ  mixer  since  the  tailpipe  wall  temperature  was  not  a  con¬ 
straint.  In  contrast,  the  degree  of  radial  penetration  of  core  gases  in 
the  DC-9  tailpipe  is  decreased  because  of  the  temperature  limits. 

3.3  ACOUSTIC  CHARACTERISTICS 

Experimental  testing  of  the  final  mixer  configurations  demonstrated 
significant  static  jet  noise  reductions  over  the  range  of  engine  thrust 
settings,  frequencies  and  angles.  The  peak  static  noise  reduction  at¬ 
tained  with  the  Mod.  5M  mixer  with  the  DC-9  tailpipe  was  2.3  PNdB,  which 
approached  the  goal  cf  3  PNdB.  However,  the  goal  was  surpassed  by  nearly 
1.7  PNdB  with  the  Mod.  5Z  in  the  727  tailpipe.  The  differences  in  noise 
suppression  are  attributed  essentially  to  the  differences  in  mixing 
associated  with  the  mixer  design  modifications  to  limit  the  outer  wall 
temperature  in  the  DC-9  tailpipe. 
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The  trends  of  peak  perceived  noise  level  reduction  as  a  function  of 
thrust  in  Figure  3.2-1  exemplify  the  magnitude  of  noise  suppression 
achieved  with  the  two  final  mixers  relative  to  standard  JT8D  noise 
levels.  As  indicated,  the  greatest  reductions  occur  in  the  12,000  to 
16,000-pound  range,  which  relate  to  cutback  and  takeoff  flight  opera¬ 
tion.  Similar  trends  were  evident  from  the  analysis  of  directivity 
patterns  and  noise  spectra. 


Figure  3.2-1  Noise  Reduction  Trends 

Predictions  of  in-flight  noise  for  a  level  flyover  were  analytically 
derived  for  three  static  gross  thrust  levels.  The  results,  summarized  in 
the  Table  3.3-1,  indicate  that  at  JT8D-9  and  JT8D-17  takeoff  gross 
thrusts  of  14,500  and  16,000  lbs.,  respectively,  the  large  noise  reduc¬ 
tion  advantage  measured  under  static  conditions  of  the  5Z/727  configura¬ 
tion  relative  to  the  5M/DC9  configuration  would  be  somewhat  reduced  in 
the  flight  situation. 

3.4  FUEL  CONSUMPTION  EFFECTS 

Installation  of  the  Mod.  5M  mixer  with  the  DC-9  tailpipe  produced  a  0.3 
percent  reduction  in  fuel  consumption  at  static  takeoff  thrust,  thus 
achieving  an  important  performance  goal.  However,  fuel  consumption  was 
increased  by  1.3  percent  with  the  5Z  mixer/727  tailpipe  configuration. 

Predictions  of  fuel  consumption  at  simulated  altitude  cruise  conditions 
are  shown  in  Figures  3.3-1.  In  comparison  to  a  standard  JT8D  engine,  the 
Mod.  5M  mixer  increases  the  propulsive  efficiency  at  the  maximum  cruise 
thrust  to  reduce  fuel  consumption  by  0.75  percent.  At  80  percent  of  the 
cruise  thrust,  a  0.2  percent  increase  is  estimated. 
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TABLE  3.3-1 


STATIC  AND  SIMULATED  LEVEL  FLYOVER  NOISE  REDUCTIONS 
(1500  ft.  altitude) 


Mixer  5M 
(Flat  Profile) 


Static  Test  Results 

(Peak  PNL  Reduction) 

D-17  Takeoff  Thrust  (16,000  lb.)  2.0 

D-9  Takeoff  Thrust  (14,500  lb.)  2.2 

Takeoff  Cutback  (12,000  lb.)  2.3 

Analytical  Flyover  Predictions 
""  ^EPNL  Reduction) 

D-17  Takeoff  Thrust  2.7 

D-9  Takeoff  Thrust  2.6 

Takeoff  Cutback  2.4 


Mixer  5Z 

( Inverted  Profile) 


4.7 

4.5 

3.0 


4.3 

4.2 

3.2 


2000  3000  4000  5000  6000 


THRUST  ~  LBS 

Figure  3.3-1  Predicted  Fuel  Consumption  at  Simulated  Cruise 
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The  estimated  fuel  efficiency  with  the  5Z  mixer  is  much  less  favorable. 

An  increase  approaching  0.8  percent  is  predicted  at  80  percent  cruise, 
but  the  increase  is  reduced  to  0.2  percent  as  thrust  increases  to  the 
maximum  cruise  condition.  This  result,  in  combination  with  the  takeoff 
fuel  consumption  characteristics,  indicates  that  further  refinements  are 
required  in  the  5Z  configuration. 

3.5  STRUCTURAL  INTEGRITY 

Testing  was  successful  in  substantiaring  the  structural  integrity  of  the 
mixer  component.  Typically,  thermal-mechanical  stress  levels  were  well 
below  conservative  analytically- derived  limits.  Also,  surface  metal 
temperatures  were  within  established  limits.  Inspections  of  the  differ¬ 
ent  mixer  configurations  throughout  the  test  program  showed  no  evidence 
of  cracking  or  other  indications  of  thermal  distress.  On  the  basis  of 
these  results  and  observations,  it  is  believed  that  the  mixer  has  the 
structural  capability  to  meet  flight  test  requirements. 

In  addition,  the  presence  of  the  mixer  did  not  impart  any  adverse  ef¬ 
fects  on  the  stress  levels  of  other  engine  components.  Comparative  strain 
gage  measurements,  both  with  and  without  the  mixer,  showed  essentially  no 
differences  in  fan  and  low-pressure  turbine  vibratory  stress 
characteristics,  verifying  that  the  mixer  does  not  produce  any 
aerodynamic  excitation  on  uptream  components. 


SECTION  4.0  —  CONCLUSIONS  AND  CONCLUDING  REMARKS 


On  the  basis  of  the  results  obtained  from  the  different  series  of  per¬ 
formance  and  acoustic  tests,  the  following  conclusions  have  been  made. 

o  A  mixer  geometry  has  been  defined  for  JT8D- powered  DC-9 

aircraft.  However,  a  configuration  has  been  defined  only  on 
a  preliminary  basis  for  727  aircraft. 

o  The  testing  accomplished  under  this  program  has  been  suc¬ 
cessful  in  demonstrating  the  acoustic  benefits  of  internal 
exhaust  mixing  technology.  Moreover,  these  benefits  are 
attainable,  particularly  with  the  Mod.  5M  configuration  for 
the  DC-9  aircraft,  without  serious  compromises  in  engine 
performance.  Further  refinement  of  the  5Z  mixer  for  the  727 
installation  is  necessary  to  negate  the  demonstrated  loss  in 
engine  performance. 

o  Installation  of  the  5M  mixer  does  not  impart  any  special 

problems  or  extensive  modifications  to  either  the  airframe 
or  JT8D  mounting  system.  Further  work  is  required  with  the 
5Z  design,  however,  to  prevent  an  adverse  flow  interaction 
with  the  thrust  reverser  while  operating  in  the  reverse  mode. 
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o 


Structural  integrity  of  the  mixer  component  has  been  demon¬ 
strated  . 


The  technical  achievements  made  in  this  program  have  contributed  substan¬ 
tially  towards  furthering  the  state-of-the-art  in  noise  reduction  tech¬ 
nology.  Also,  this  effort  has  identified  areas,  particularly  with  the 
Mod.  5Z  mixer  configuration,  where  additional  refinement  or  development 
is  necessary.  Such  areas  should  be  thoroughly  investigated  as  part  of  a 
static  engine  test  program.  Configurations  suitable  for  service  engines 
should  be  then  flight  tested  to  verify  structural  and  environmental  per¬ 
formance  under  flight  conditions. 
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PART  II 


MIXER  DESIGN  AND  DEVELOPMENT  TESTING 
TECHNICAL  DISCUSSION 
SECTION  1.0 

INTERNAL  MIXER  DESIGN  AND  FABRICATION 


1.1  INTRODUCTION 

Design  and  fabrication  of  the  mixer  was  conducted  under  Task  1  of  the 
program.  The  initial  design  effort  was  directed  towards  definition  of  a 
base  mixer  configuration.  However,  as  the  design  evolved  through  experi¬ 
mental  engine  testing  to  a  final  configuration,  design,  design  associ¬ 
ated  analyses  and  various  fabrication  operations  were  performed  on  a 
continuing  basis . 

In  conjunction  with  the  design  process,  Pratt  &  Whitney  Aircraft  con¬ 
ducted  design  coordination  studies  with  the  airframe  manufacturers  to 
ensure  mixer  compatibility  with  aircraft  installation  requirements.  The 
studies  were  conducted  under  Task  2  of  the  program  and  focused  on  the 
requirements  of  the  Boeing  727  and  McDonnell  Douglas  DC-9  aircraft. 

This  section  describes  the  aeromechanical  design  of  the  base  mixer, 
including  evolution  of  the  design  to  the  final  configurations.  Also 
discussed  are  the  results  of  the  airframe  comparability  studies  and  the 
fabrication  of  the  mixer  component. 


1.2  DESIGN  GOALS  AND  AIRFRAME  INTEGRATION  REQUIREMENTS 

1.2.1  Mixer  Design  Goals 

Design  criteria  for  the  internal  mixer  component  were  directed  towards 
meeting  several  aero/acoustic  performance  and  structural  goals.  In  terms 
of  performance,  the  goal  was  to  achieve  a  noise  reduction  of  at  least  3 
PNdB  without  any  negative  effects  on  engine  performance  such  as  an  in¬ 
crease  in  cruise  fuel  consumption  or  a  loss  in  takeoff  thrust. 

From  a  structural  standpoint,  goals  were  established  for  weight,  durabil¬ 
ity,  and  installation  effects.  A  definitive  weight  goal  was  not  determin¬ 
ed.  However,  the  intent  was  to  minimise  component  weight  without  compro¬ 
mising  structural  integrity. 

Installation  effects  were  a  special  area  of  concern.  The  goal  was  to  min¬ 
imize  airframe  changes  and  JT8D  mounting  requirements  imposed  by  install¬ 
ing  the  mixer  in  DC-9  and  727  aircraft.  In  working  towards  this  end,  air¬ 
frame  compatibility  studies  and  field  surveys  were  conducted  with  the 
airframe  manufacturers  to  ensure  compatibility  of  the  mixer  design  with 
the  different  aircraft  installations.  Results  of  these  studies  are  dis¬ 
cussed  in  the  following  section. 

1.2.2  Airframe  Integration  Requirements 

Key  design  information  pertaining  to  installation  requirements  and  con¬ 
straints  unique  to  the  DC-9  and  727  airframes  was  acquired  from  field 


surveys  and  compatibility  studies  with  the  airframe  manufacturers.  This 
effort  was  conducted  in  parallel  with  the  evolution  of  the  mixer  design. 
As  design  modifications  evolved,  detailed  prints  were  reviewed  by  the 
airframe  manufacturers  to  determine  potential  airframe  integration 
problems. 

One  major  result  which  had  a  profound  impact  on  both  the  direction  of  the 
program  and  mixer  design  was  the  determination  that  one  common  design  was 
not  compatible  with  both  the  DC-9  and  727  installations.  The  thrust  re- 
verser  in  the  DC-9  aircraft  is  external  to  the  tailpipe  and  thus  has 
little  interaction  with  the  mixer.  In  contrast,  the  thrust  reverser  in 
the  727  installation  presents  a  special  problem.  This  reverser  incorpora¬ 
tes  blocker  doors  that  redirect  the  flow  through  a  series  of  cascades  in 
the  sides  of  the  tailpipe.  Consequently,  the  mixer  discharge  plane  can 
actually  protrude  beyond  the  leading  edge  of  the  cascade  passages  and 
adversely  affect  the  engine  match  in  the  reverse  mode.  These  differences 
between  the  DC-9  and  727  reverser  are  depicted  in  Figure  1.2. 2-1. 


Figure  1.2. 2-1  DC-9  and  727  Installations  —  The  major  differences 
between  the  DC-9  and  727  installations,  resulting 
primarily  from  the  thrust  reverser  designs,  are  shown 
in  this  figure. 
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The  method  of  eliminating  lobe  protrusion  in  the  727  installation  involv¬ 
ed  incorporating  a  severe  mixer  lobe  angle.  This,  however,  produced  un¬ 
acceptably  high  tailpipe  wall  acoustic  liner  temperatures  in  the  DC-9 
installation.  As  a  result,  it  was  evident  that  a  single  mixer  design 
would  not  meet  the  requirements  of  the  different  airframes,  and  separate 
designs  were  pursued  for  each  airframe. 

The  occurrance  of  high  temperatures  on  the  outer  wall  of  the  DC-9  tail¬ 
pipe  introduced  some  additional  design  constraints.  As  identified  through 
design  coordination  with  the  airframe  manufacturers,  the  high  tempera¬ 
tures  adversely  affected  the  bonding  of  the  acoustic  material  lining, 
thus  reducing  service  life.  With  increased  mixing,  elevated  temperatures 
could  be  experienced  along  the  tailpipe  walls,  and  assuming  fully  mixed 
flow,  temperatures  up  to  700°F  were  predicted  at  takeoff.  For  the  type 
of  bonding  technique  used  in  the  DC-9  tailpipe,  a  temperature  of  500°F 
was  considered  the  limit  to  maintain  current  service  life.  This  limit 
became  a  governing  criterion  in  defining  a  design  for  the  DC-9  installa¬ 
tion.  However,  a  temperature  limit  was  not  established  for  the  727 
tailpipe.  While  temperature  considerations  were  deleted  by  the  FAA  for 
the  727  tailpipe,  subsequent  integration  efforts  with  the  manufacturer 
may  result  in  similar  limitations. 

The  coordination  effort  was  also  instrumental  in  determining  the  final 
design  of  the  outer  attachment  flange.  The  early  designs  incorporated  a 
0.500-inch  flange  welded  to  the  outer  struts,  making  the  mixer  an  inte¬ 
gral  assembly.  However,  this  configuration  introduced  a  potentially  high 
stress  condition  because  of  the  thermal  mismatch  between  the  mixer  and 
attachment  ring.  Also,  The  Boeing  Company  indicated  that  any  flange  over 
0.160  inch  thick  was  unacceptable  because  of  a  potential  mismatch  of  the 
nacelle  doors  and  door  seals.  On  the  basis  of  these  requirements,  the 
selected  attachment  scheme  eliminated  a  high  stress  concentration  and 
meets  the  thickness  limit. 

1.3  BASE  MIXER  DESIGN 

Definition  of  the  full  scale  base  mixer  design,  in  terms  of  basic  con¬ 
figuration  and  aerodynamics,  was  predicated  on  results  from  the  prece¬ 
ding  one-seventh  scale  model  test  progam  sponsored  by  the  Federal 
Aviation  Administration  under  Contract  D0T-FA76WA-3809.  In  brief,  three 
basic  model  conf igur ations  were  reported  in  this  program:  a  long  flow- 
path  design  tested  under  the  Federal  Aviation  Administration  contract,  a 
short  flowpath  design  and  a  zero  length  design  tested  in  a  Pratt  & 

Whitney  Aircraft  program.  A  summary  of  the  pertinent  performance  and 
physical  characteristics  of  each  design  is  presented  in  Table  1.3-1.  On 
the  basis  of  these  results  and  aircraft  installation  considerations,  the 
zero  length  configuration  was  selected  as  the  base  design  concept  for  the 
full  scale  JT8D  mixer. 
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TABLE  1.3-1 


MIXER  SCALE  MODEL  TEST  RESULTS 
(Reported  under  FAji  Contract  DOT-FA76WA-3809) 


Long 

Short 

Zero  Length 

Flowpath 

Flowpath 

Flowpath 

Engine  Length  Extension  (in) 

16 

7.6 

0.15  to  0.25 

Weight  increase  (lbs) 

157 

125 

105 

Takeoff  Noise  Reduction  (dB) 

3-4 

3-4 

3-4 

Takeoff  Thrust  (%) 

0 

-0.25 

-0.30 

Cruise  Fuel  Consumption 
Improvement  (%) 

1.3 

0.9 

0.5 

1.3.1  Aerodynamic  Definition 

The  flowpath  of  the  base  mixer  was  defined  by  scaling  key  dimensions 
directly  from  the  model  points  with  one  important  exception.  The  final 
model  evolved  directly  from  the  7.6  in.  M  flange  extension  model  through 
variations  in  scarfing  and  plug  positioning.  Therefore,  the  flowpath  of 
the  final  mixer  model  was  not  considered  optimum  for  the  length  of  the 
extension  desired.  In  defining  the  flowpath  for  the  full  scale  mixer, 
the  mixer  and  plug  were  translated  2.6  inches  rearward  to  achieve  less 
severe  turning  of  fan  stream  flow  as  it  enters  the  mixer.  The  flowpath 
of  the  final  model  is  compared  to  the  flowpath  of  the  full  scale  mixer 
in  Figure  1.3. 1-1. 


-  INITIAL  FULL  SCALE  DESIGN  WITH  0.500-INCH  FLANGE 

-  ONE  SEVENTH  SCALE  ZERO'  EXTENSION  MODEL 


Figure  1.3. 1-1  Mixer  Aerodynamic  Flowpath  Definition  —  This 

comparison  shows  the  close  resemblance  of  the  flowpath 
of  the  zero  length  model  to  that  of  the  base  mixer. 


The  shape  of  the  centerbody  and  side  profiles  of  the  full  scale  design 
are  essentially  the  same  as  the  model.  An  adjustment  was  made  to  the 
relative  flow  areas  in  the  fan  and  core  streams  to  reflect  a  shift  in 
effective  area  ratio,  a  requirement  recognized  during  a  Pratt  &  Whitney 
Aircraft-sponsored  mixer  technology  program.  The  revision  consisted  of  a 
slightly  larger  fan  stream  area  in  order  to  maintain  desired  fan  opera¬ 
tion  with  the  mixer  installed. 

1.3.2  Mechanical  Definition 

A  cross  sectional  view  of  the  base  mixer  mechanical  design  is  shown  in 
Figure  1.3. 2-1.  The  main  components  of  the  mixer  assembly  are  the 
12-lobe  convoluted  mixer  geometry,  a  hardwall  tailplug  with  a  slip  joint 
front  flange  and  an  outer  ring  that  supports  the  complete  mixer  system 
through  twelve  struts.  The  design  is  based  on  a  modular  construction  so 
that  installation  or  removal  of  the  mixer  can  be  easily  accomplished  and 
to  negate  any  requirement  for  new  engine  cases. 

~x 

- . 


Figure  1.3. 2-1  Mixer  Mechanical  Definition  —  This  figure  identifies 
the  various  components  that  were  designed  and  fabri¬ 
cated  during  the  program. 

Allowances  for  radial  and  axial  thermal  expansion  were  considered  in  the 
design  of  the  slip  joints.  Also,  the  lobe  walls  are  curved  to  minimize 
panel  vibration  and  sensitivity  to  thermal  and  pressure  gradients. 

The  support  system  consists  of  twelve  inner  struts  to  support  the  tail- 
plug,  along  with  twelve  outer  struts  to  support  the  entire  mixer  struc- 
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ture.  In  addition  to  structural  support,  the  struts  provide  concentrici¬ 
ty  and  circumf erential  pitch  control  to  ensure  the  most  acceptable  mix¬ 
ing  profile.  The  inner  struts  were  fabricated  from  Inconel  625  nickel 
base  alloy  and  the  outer  struts  were  fabricated  from  Inconel  718. 

The  inner  struts  are  aerodynamical ly  shaped  and  welded  to  the  inner 
lobe,  as  shown  in  Figure  1. 3.2-1.  This  method  of  support  facilitates 
modular  assembly  and  prevents  loads  on  the  tailplug  from  being  applied 
to  the  inner  flange  of  the  turbine  exhaust  case.  The  sheet  metal  ring  on 
the  exhaust  case  inner  flange  provides  a  flexible  interface  with  the 
tailplug  as  well  as  additional  structural  stability. 

The  outer  support  ring,  sandwiched  between  the  fan  exhaust  duct  (M 
flange)  and  the  aircraft  tail  pipe/ reverser  flange,  was  sized  to  absorb 
engine  maneuver,  blcwoff  and  thermal  loads.  The  ring  is  manufactured 
from  Inconel  718  material,  a  nickel  base  alloy. 

The  mixer  lobes  and  the  tailplug  are  constructed  from  Inconel  625  mater¬ 
ial.  The  selection  of  this  material  was  based  on  strength  characteris¬ 
tics,  fabricability  and  cost  considerations.  In  addition,  this  material 
has  excellent  repairability  properties  for  service  usage. 

The  aluminum  fan  duct  fairing  is  convoluted  to  serve  as  a  fan  flow 
filler  piece.  This  fairing  consists  of  three  segnents  to  facilitate 
installation.  The  segments  are  attached  to  the  outer  mixer  crown  and 
inner  valleys.  The  fairing  is  slotted  to  allow  optimizing  the  match  of 
the  flowpath  at  the  lobe  valley  interface  and  crown  forward  of  the  outer 
struts . 


1.4  MIXER  FABRICATION 

Fabrication  of  the  base  mixer  subassembly,  installation  hardware  and 
tooling  was  accomplished  with  conventional  manufacturing  practices  and 
standards  used  at  Pratt  &  Whitney  Aircraft.  Before  machining  operations 
were  initiated,  however,  raw  materials  were  examined  as  a  quality  assur¬ 
ance  measure. 

In  fabricating  the  mixer  subassembly,  lobe  sections  were  first  stamped 
out  of  sheet  metal  and  welded  together  to  form  the  convoluted  structure. 
A  completed  lobe  section  is  shown  in  Figure  1.4-1.  After  individual 
sections  were  formed,  each  was  welded  together  to  construct  the  mixer 
subassembly.  Slots  to  accommodate  the  inner  and  outer  struts  were  then 
installed,  as  shown  in  Figure  1.4-2.  Finally,  finishing  operations,  such 
as  final  machining,  polishing  and  smoothing  the  flowpath  surface,  were 
completed . 
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Figure  1.4-1  Mixer  Lobe  Sections 


Figure  1.4-2  Mixer  Subassembly  in  Final  Stage  of  Rough  Machining 

At  this  stage  of  the  fabrication  process,  the  slots 
for  installing  the  inner  and  outer  supports  struts 
being  machined  in  the  lobes. 
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Precautions  were  taken  to  minimize  lobe  distortion  during  welding.  Also, 
various  quality  control  checks  were  performed  during  the  different 
phases  of  manufacturing.  These  consisted  of  dimensional  inspections  of 
critical  tolerances  and  areas  and  detailed  visual  examinations  for  flaws 
such  as  welding  deficiencies  or  cracking. 

The  inner  and  outer  support  struts  were  manufactured  with  numerical- 
controlled  equipment  because  of  the  somewhat  complex  geometry.  This 
necessitated  developing  a  computer  program  for  machining  as  well  as 
conducting  trials  to  verify  the  machining  sequence  and  finished  part. 

After  machining,  the  struts  were  installed  to  the  inner  and  outer  sup¬ 
port  rings.  The  finished  base  mixer  is  shown  in  Figure  1.4-3. 


Figure  1.4-3  Finished  Mixer  Subassembly  —  The  f ininshed  component 

is  shown  with  the  support  struts  and  rings  welded  in 
place. 


1.5  SUMMARY  OF  MIXER  DESIGN  EVOLUTION 

Several  perturbations  of  the  base  mixer  configuration  were  made  based  on 
the  results  of  experimental  engine  testing  and  airframe  compatibility 
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studies.  In  total ,  five  main  generations  evolved  from  the  initial  design. 
A  performance  sumnary  of  the  different  mixer  designs  is  presented  in  Sec¬ 
tion  3. 2  of  Part  II. 

The  base  mixer  (referred  to  as  Mod.  1)  was  modified  because  of  perform¬ 
ance  considerations.  The  modifications  consisted  of  scallop  cuts  in  each 
of  the  twelve  lobes  to  move  the  mixing  plane  forward,  thereby  decreasing 
the  effective  area  ratio.  A  cross  sectional  view  of  this  configuration, 
designated  Mod.  2,  is  shown  in  Figure  1.5-1  compared  to  the  base  design. 


moo  2 

34.2 

32.5 
24.4 

17.2 

10.3 
0 

6.5 

NO  SPACER 
SCALLOPS 


Figure  1.5-1 


Mixer  Configuration  Mod.  2  —  This  design  is  charact¬ 
erized  by  the  scallop  cut  lobes. 


The  scalloping  was  only  partially  successful  in  restoring  nominal  JT8D 
performance  and  further  revisions  were  necessary.  These  changes  defined 
the  Mod.  3  configuration  and  are  indicatad  in  Figure  1.5.-2.  The  changes 
included  bulging  the  lobe  sidewalls  and  increasing  the  scarf  angles. 


Configuration  Mod.  4  represented  a  continued  refinement  of  mixer  aerody¬ 
namic  and  acoustic  performance.  The  lobe  sidewall  bulge  evident  in  Mod  3 
was  eliminated  and  the  radial  penetration  of  the  mixer  lobes  was  in¬ 
creased  to  improve  engine  matching.  In  the  evolution  of  the  Mod.  4  de¬ 
sign,  several  variations  were  evaluated,  including  hooded  fairings,  hood¬ 
ed  fairings  with  short  fan  exhaust  fillers,  straight  fairings  with  long 
fan  eidiaust  duct  fillers,  and  scarf  angle  variations  to  reduce  tailpipe 
wall  temperatures  . 
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Figure  1.5-2  Mixer  Configuration  Mod.  3  —  The  main  feature  of  this 

design  is  bulged  lobes  and  increased  scarf  angles. 

The  problem  of  excessively  high  tailpipe  wall  temperatures,  which  was 
detrimental  to  the  bonding  of  the  acoustic  tailpipe  lining  in  the  DC-9 
aircaft,  was  resolved  by  allowing  a  thin  cooling  layer  of  fan  air  to 
remain  against  the  wall  while  mixing  continued  within  the  confines  of 
this  layer.  This  was  achieved  by  modifying  the  scarf  angles  at  the  mixer 
discharge  plane.  Increasing  the  amount  of  radial  inward  turning  of  the 
core  gases  at  the  outer  portion  of  the  mixer  discharge  resulted  in  a 
lower  wall  temperature,  although  some  loss  in  mixing  efficiency  was 
evident.  Various  scarf  angles  were  tested  to  determine  the  angle  that 
would  provide  a  temperature  within  the  airframe  manufactures  limits, 
while  imparting  a  minimum  effect  on  mixing  performance.  By  varying  the 
scarfing  from  lobe  to  lobe,  an  effect  of  tailpipe  cant  could  also  be 
reconciled. 

Configuration  Mod.  4A  was  successful  in  achieving  acceptable  perform¬ 
ance,  noise  reduction,  engine  match  and  tailpipe  temperatures.  However, 
the  outer  support  system  became  an  area  of  concern  and  consequently 
necessitated  redesign.  A  cross  sectional  view  of  the  Mod.  4A  design  is 
shown  in  Figure  1.5-3,  and  Table  1.5-1  lists  the  different  combinations 
of  changes  tested,  including  scarf  angles,  in  the  Mod.  4  generation. 
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MOD  2 


Figure  1.5-3  Mixer  Configuration  Mod.  4A  —  The  main  feature  of 

this  design  is  increased  penetration  and  modified 
scarf  angles. 

As  in  the  base  mixer  design,  all  configurations  evaluated  through  Mod. 

4A  incorporated  a  0. 500-Lnch  attachment  flange  welded  to  the  outer  sup¬ 
port  struts,  thereby  malting  the  mixer  assembly  one  integral  unit.  A 
potential  problem,  however,  was  a  high  stress  area  resulting  from  the 
thermal  growth  mismatch  of  the  mixer  and  the  appreciably  cooler  outer 
ring.  In  addition,  results  of  compatibility  studies  from  The  Boeing 
Company  disclosed  that  an  outer  attachment  flange  thickness  in  excess  of 
0.160  inch  would  be  unacceptable  because  of  the  potential  mismatch  of 
the  nacelle  door  and  door  seals.  After  an  analytical  assessment  of  sev¬ 
eral  attachment  schemes,  the  approach  shown  in  Figure  1.5-4  was  adopted. 
This  design  allcws  a  flexible  retension/ support  system  and  complies  with 
the  thickness  requirement  dictated  by  the  Boeing  installation. 

TABLE  1.5-1 

SUMMARY  OF  DIFFERENT  MOD.  4  DESIGNS 


CONFIGURATION  SCARF  ANGLE 


Lobe  # 

1,12 

hl± 

3,10 

4,9 

5,8 

6,7 

Mod  4 

27.8 

27.8 

20.1 

8 

0 

0 

Mod  4A 

27.8 

27.8 

20.1 

12 

12 

12 

Mod  4B 

27.8 

27.8 

20.1 

20 

20 

16 

Mod  4C 

27.8 

27.8 

20.1 

20 

20 

16 

Mos  4D 

27.8 

27.8 

20. ,1 

15 

15 

15 
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Figure  1.5-4  Revised  Outer  Strut  Retension  Scheme  —  This  flexible  at¬ 

tachment  scheme  eliminates  the  potentially  high  stress 
condition  in  the  earlier  welded  configuration. 

The  final  generation,  Mod.  5,  combined  the  optimized  Mod.  4A  flowpath  with 
the  redesigned  outer  support  system.  The  basic  configuration  produced  unac¬ 
ceptable  high  tailpipe  wall  temperatures.  A  series  of  configurations  with 
revised  scarf  angles  as  well  as  other  subtle  changes  was  evaluated  in  the 
Pratt  &  Whitney  Aircraft  sponsored  program.  The  configuration  demonstrating 
acceptable  performance,  noise  reduction  and  airframe  compatability  for  the 
DC-9  installation  was  designated  5M.  Because  of  the  differences  in  the 
Boeing  installation,  however,  additional  refinements  to  the  5M  design  were 
necessary.  The  final  configuration  for  the  Boeing  application  was  designated 
5Z. 


A  cross  sectional  view  of  the  basic  Mod.  5  design  is  shown  in  Figure  1.5-5, 
and  Table  L.5~II  lists  the  different  combinations  of  changes  tested.  Each  of 
the  final  configurations  is  described  fully  in  the  next  section. 


Figure  1.5-5  Basic  Mod.  5  Mixer  Configuration 
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TABLE  1.5-II 


SUMMARY  OF  DIFFERENT  MOD.  5  DESIGNS 
CONFIGURATION  SCARF  ANGLE 


Lobe  # 

1,12 

1 ^11 

3,10 

4,9 

5,8 

6,7 

Mod  5M 

27.8 

27.8 

20 

12 

12 

12 

Mod  5Z 

36 

36 

36 

36 

36 

36 

1.6  FINAL  MIXER  DESIGNS 

The  final  mixer  configurations,  Mods.  5M  and  5Z,  are  illustrated  in 
Figures  1.6-1  and  1.6-2,  respectively.  Figure  1.6-3  shows  a  cross  sec¬ 
tional  view  of  the  5M  mixer  and  the  relative  positioning  in  conjunction 
with  the  DC-9  tailpipe  exhaust/reverser  system.  A  similar  illustration 
is  presented  in  Figure  1.6-4  for  the  5Z/727  tailpipe  configuration. 


Figure  1.6-1  Final  Mod  5M  mixer  for  the  DC-9  Installation 

The  main  distinction  between  the  two  mixer  configurations  is  the  differ¬ 
ence  in  lobe  geometries.  Figure  1.6-5  shows  the  flowpath  definition  of 
the  5M  and  5Z  mixers,  along  with  a  summary  of  the  lobe  scarf  angles.  As 
indicated,  the  scarf  angles  in  the  5M  configuration  are  nonuniform  — 
angles  are  higher  at  the  top  six  lobes  relative  to  the  bottom  six.  The 
higher  angles  direct  the  high  temperature  core  gases  away  from  the  outer 
wall  of  the  canted  tailpipe  to  maintain  acceptable  tailpipe  liner 
temperatures  in  the  DC-9  installation. 
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Figure  1.6.2  Final  Mod.  5Z  mixer  for  the  727  Installation 

As  stated  previously,  the  thrust  reverser  in  the  727  installation  pre¬ 
sented  some  unique  design  challenges.  To  minimize  the  impact  of 
reverser/mixer  interactions  on  operating  stability  in  the  reverse  mode, 
lobe  scarfing  was  more  severe  in  comparison  to  the  5M  mixer.  As  indica¬ 
ted  in  Figure  1.6-4,  the  mixer  was  scarfed  to  the  point  where  the  outer 
strut  support  pad  joins  the  mixer  skin.  The  lobe  geometry  of  the  5Z 
mixer  is  characterized  by  an  exaggerated  scarf  angle  that  is  uniform  in 
all  twelve  lobes  at  36  degrees,  as  indicated  in  Figure  1.6-5.  Since 
tailpipe  temperature  restrictions  were  eliminated  by  the  FAA  for  the  727 
application,  the  lobes  were  shorter  and  oriented  for  maximum  mixing  of 
high  temperature  core  gasses.  The  extreme  scarf  angles  do  not  guarantee 
satisfactory  operation  in  the  reverse  thrust  mode.  Test  results  from  a 
related  program  have  shown  that  the  operating  line  limit  is  exceeded  by 
1.5  percent  with  the  5Z  mixer  incorporated. 

Because  of  the  redesigned  outer  support,  the  Inconel  718  ting,  which  was 
selected  initially  for  welding  compatibility  with  the  mixer  subassembly, 
was  replaced  with  AMS  5616  (Greek  Ascoloy  material).  This  material  is 
less  expensive  and  has  a  better  thermal  coefficient  match  with  the 
existing  fan  exhaust  duct. 


3  5M  Mixer  and  DC-9  TaiLpipe  —  This  cross  sectional 

view  depicts  the  orientation  and  interface  of  the 
mixer  with  the  DC'1'  t  .ilpipe  and  reverser  system. 


5Z  Mixer  and  727  Tailpipe  This  figure  shows  the 
orientation  and  interface  of  the  mixer  with  the  727 
tailpipe  and  reverser  system. 


Figure  1.6-4 
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Figure  1.6-5  Flowpach  Definition  of  the  Final  Mixers  —  The  main 

difference  is  the  nonuniformity  in  lobe  scarf  angles 
in  the  5M  conf iguration  relative  to  the  5Z 
configuration. 

Mixer  axial,  radial  and  tangential  thermal-mechanical  loads  are  taken  at 
the  12  mixer  strut  locations  and  transferred  into  the  ring.  The  ring  is 
attached  to  the  fan  exhaust  duct.  Axial  loading  is  transferred  through  a 
hardface  wear  surface  on  both  the  mixer  struts  and  support  ring.  The 
tangential  loading  is  transferred  through  anti-torque  lugs  that  are 
integral  with  the  mixer  strut  and  fitted  into  grooves  on  the  support 
ring.  Radial  loads  are  transferred  from  the  strut  base  to  the  ring 
through  a  contact  wear  surface.  The  ring  has  a  deeper  groove  at  one 
location  and  a  corresponding  longer  lug  on  the  mixer  strut  to  allow  for 
proper  orientation  when  the  mixer  system  is  installed  into  the  engine. 

An  aerodynamic  fairing  is  bolted  to  the  mixer  strut.  This  locks  the 
component  axially  and  radially  to  the  support  ring  if  an  inward  radial 
load  and  a  forward  axial  load  occurred.  Once  locked  together,  the  mixer 
system  can  be  installed  as  a  module  onto  the  engine. 
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TEST  PROGRAM  AND  PROCEDURES 


2.1  INTRODUCTION 

The  tes  C  plan  for  demonstrating  mixer  performance  and  acoustic  goals  was 
organized  under  Task  3  of  the  program.  This  involved  defining  a  matrix  of 
operating  conditions  for  acquiring  meaningful  performance  and  acoustic 
data  and  appropiate  test  procedures.  In  addition,  it  entailed  preparing 
the  test  vehicle  for  testing,  establishing  instrumentation  requirements 
and  selecting  the  test  facilities. 

This  section  describes  the  test  plan  and  technical  approach  for  conduct¬ 
ing  the  performance  and  acoustic  evaluations.  Also  presented  are  descrip¬ 
tions  of  the  test  vehicle,  instrumentation,  special  test  equipment,  and 
test  facilities  used  during  the  program. 

2.2  TEST  OBJECTIVES  AND  METHODOLOGY 
2.2.1  Test  Objectives 

The  overall  objective  of  the  experimental  test  program  was  to  demonstra¬ 
te  a  mixer  configuration  that  met  or  exceeded  the  goals  for  performance, 
noise  suppression  and  durability.  However,  in  addition  to  this  objective, 
specific  test  objectives  were  defined  for  the  different  phases  of  per¬ 
formance  and  acoustic  testing. 

Objectives  for  the  performance  tests  were  to: 

o  Determine  the  installed  performance  with  the  mixer  in 
comparison  to  a  standard  JT8D  engine. 

o  Identify  the  necessary  jet  nozzle  area  changes  required  to 

optimize  engine  performance  with  the  mixer  installed. 

o  Determine  the  performance  impact  of  the  mixer  on  other 
engine  components  . 

The  objectives  for  the  acoustic  tests  were  to: 

o  Provide  a  complete  characterization  of  engine  noise  levels 
under  static  conditions  both  with  and  without  the  mixer 
throughout  the  operating  range. 

o  Using  the  measured  static  data,  estimate  the  noise  reduc¬ 
tion  provided  by  the  mixer  under  flight  conditions. 


2.2.2  Test  Method  and  Procedures 


The  general  test  approach  consisted  of  first  conducting  a  performance 
calibration  without  the  mixer  installed  to  acquire  baseline  data  per— 
taining  to  engine  aerothermodynamic  performance.  The  same  operating  con¬ 
ditions  would  then  be  repeated  with  the  mixer  installed  for  a  direct 
comparison.  A  similar  procedure  was  also  employed  for  the  acoustic 
tests.  The  test  matrix  of  operating  conditions  as  well  as  specific  test 
procedures  for  both  performance  and  acoustic  evaluations  are  described 
in  the  following  sections. 

2.  2.  2.1  Performance  Test  Procedures 

Performance  tests  were  conducted  at  sea  level  static  conditions.  Before 
actual  testing  was  initiated,  a  functional  checkout  of  the  test  stand 
support  systems  and  data  acquisition  equipment  was  conducted.  After 
engine  startup  was  accomplished  and  operation  was  stabilized  at  pre¬ 
selected  steady-state  conditions  ,  checkouts  of  instrumentation,  elec¬ 
trical  and  plumbing  systems  were  made.  With  the  satisfactory  completion 
of  these  checks,  testing  proceeded  according  to  the  planned  program. 

The  performance  calibration  consisted  of  a  total  of  ten  operating 
conditions  run  in  order  of  decreasing  power.  These  power  settings  are 
tabulated  in  Table  2. 2.2-1.  Engine  operation  at  each  power  setting  was 
stabilized  for  at  least  three  minutes  before  acquisition  of  data. 

For  data  consistency  and  accuracy  during  the  performance  calibration, 
the  following  general  test  procedures  were  followed. 

o  A  thrust  meter  adjusted  calibration  was  conducted  prior  to 
testing  and  after  all  remount  or  engine  module  changes.  "As 
is"  thrust  meter  calibrations  were  completed  immediately 
after  each  performance  calibration. 

o  Fuel  samples  were  obtained  before  and  immediately  after 

each  performance  calibration.  The  samples  were  sent  to  the 
Pratt  &  Whitney  Aircraft  Materials  Engineering  and  Research 
Laboratory  for  specific  gravity  amd  lower  heating  value 
anal  ys  es  . 

o  Instrumentation  and  data  recording  systems  were  checked 

both  at  idle  and  10,000  pound  thrust  settings  prior  to  the 
acquisition  of  performance  data.  Calibrations,  however, 
were  not  conducted  when  critical  instrumentation  was 
inoperative . 

o  Fuel  flow  was  measured  using  two  0.  750- inch  coxmeters  cali¬ 
brated  prior  to  use  and  "as-is"  calibrated  after  testing 
was  completed. 
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TABLE  2. 2.  2-1 

STEADY-STATE  CALIBRATION  POWER  SETTINGS 


Point  No. 


Corrected  Net  Thrust  (lbs) 


1 

16, 500* 

2 

16,000  (Takeoff) 

3 

15,000 

4 

1 3, 000 

5 

11, 000 

6 

10,000 

7 

9,  000 

a 

6,  000 

9 

3,000 

10 

Idle 

*  Observe  all  engine  operating  limits: 

Maximum  low-pressure  rotor  speed  of  86  00  rpm 
Maximun  high-pressure  rotor  speed  of  11,950  rpm 
Maximun  exhaust  gas  temperature  of  1202°F 
Maximum  burner  pressure  of  247  psig. 

2. 2. 2. 2  Acoustic  Test  Procedures 

D  Ing  the  acoustic  tests,  a  four-step  procedure  was  followed  to  ensure 
accurate  and  consistent  measurements  of  engine  noise  levels. 

(1)  The  engine  power  setting  was  set  at  a  preselected  level.  After 
operation  was  stabilized  for  approximately  three  minutes,  noise 
levels  were  recorded  for  a  period  of  60  seconds,  with  all  micro¬ 
phone  signals  being  recorded  simultaneously.  During  the  record¬ 
ing  period,  the  tape  recorded  playback  signal  was  monitored  to 
ensure  that  each  microphone  signal  was  being  properly  recorded 
as  well  as  acceptable  in  quality. 

(2)  Engine  performance  data  were  recorded  concurrently  during  the 
acoustic  data  acquisition.  Engine  low-pressure  rotor  speed  was 
maintained  to  a  +  25  rpm  tolerance  during  this  period. 

(3)  Along  with  noise  and  performance,  ambient  air  temperature,  rela¬ 
tive  humidity,  barometric  pressure,  and  wind  velocity  were  re¬ 
corded  at  each  test  condition.  Neither  noise  nor  performance 
were  recorded  when  the  wind  speed  exceeded  8  knots  or  when  the 
crosswind  component  exceeded  5  knots. 

(4)  Acoustic  data  tapes  and  respective  data  sheets  were  sent  to  the 
tape  library  to  await  data  reduction. 
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Table  2.2.2-II  presence  typical  operating  conditions  (pertinent  to  the 
analysis  of  acoustic  data)  at  which  noise  measurements  were  obtained 
with  both  a  standard  engine  configuration  and  with  the  Mod.  5M  mixer 
using  a  DC-9  tailpipe.  Similar  information  is  presented  in  Table 
2.2.2-III  for  the  JT8D  engine  with  a  727  tailpipe  both  with  and  without 
a  Mod.  5Z  mixer. 

Constant  Thrust  Comparison  Method  for  Baseline  and  Mixer  Acoustic  Data 

Table  2.2.2-IV  presents  a  sample  of  an  acoustic  data  printout.  Listed  on 
this  sheet  are  the  ambient  test  conditions,  reference  values  of  observed 
and  corrected  low-pressure  rotor  speed,  and  one-third  octave  band  sound 
pressure  level  (SPL)  values  at  each  one-third  octave  band  center  fre¬ 
quency  for  each  microphone  (denoted  by  angle  relative  to  the  upstream 
jet  axis).  At  each  angle,  values  of  overall  sound  pressure  level  (OASPL) 
and  perceived  noise  level  (PNL)  are  also  listed.  All  the  acoustic  data 
presented  are  corrected  to  a  77°F  day  at  the  measurement  radius  of  150 
feet  from  the  centerline  of  the  tailpipe  exit.  A  tabulation  of  acoustic 
data  at  a  selection  of  operating  conditions  is  included  in  Appendix  A. 

The  goal  of  the  noise  measurements  was  to  provide  a  direct  assessment  of 
the  noise  levels  of  both  a  standard  JT8D  engine  and  configurations  with 
the  internal  mixer  installed  at  the  same  values  of  engine  thrust.  Since 
installation  of  the  mixer  causes  a  slight  change  in  engine  match  charac¬ 
teristics  along  with  engine  operating  line  and  since  the  same  value  of 
thrust  for  both  standard  and  mixed  configurations  could  not  be  set  dur¬ 
ing  testing,  the  following  procedure  was  employed  for  provide  equal 
thrust  noise  comparisons. 

(1)  Noise  data  for  each  engine  test  configuration  were  extrapo¬ 
lated  to  a  distance  of  1500  feet,  parallel  to  the  tailpipe 
centerline,  and  perceived  noise  levels  were  calculated. 

(2)  At  each  angle,  the  1500-foot  perceived  noise  level  was  cor¬ 
related  to  the  core  jet  velocity,  Vp  77°  (expanded  to 
ambient  pressure  and  corrected  to  a  77°F  day),  using  a 
least  squares  third  order  regression  computer  program. 

(Based  on  jet  noise  theory  and  Pratt  &  Whitney  Aircraft  ex¬ 
perience,  jet  velocity  has  been  shown  to  be  a  better  corre¬ 
lating  parameter  for  jet  noise  than  the  other  available  en¬ 
gine  parameters.)  As  an  example,  Figure  2. 2. 2-1  shows  re¬ 
gress’ on  curves  for  a  perceived  noise  level  at  140  degrees 
versus  core  jet  velocity  for  a  standard  JT8D  and  mixer  con¬ 
figuration.  Regression  curves  at  other  angles  were  of  simi¬ 
lar  quality. 

(3)  From  the  performance  values  in  Tables  2.2.2-II  and  lit, 
correlations  of  engine  thrust  and  core  jet  velocity  were 
developed  for  both  the  standard  and  mixer  configurations. 
Table  2.2.2-V  lists  core  jet  velocity  values  for  static 
gross  thrusts,  ranging  from  6000  to  16,000  pounds  for  the 
engine  with  a  DC-9  tailpipe. 
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TABLE  2. 2. 2-1 1 

STANDARD  ENGINE  AND  MIXER  (MOD.  5M) 
OPERATING  CONDITIONS  WITH  DC -9  TAILPIPE 


Corrected 

Engi  ne 

Exhaust 

Core 

Corrected 

Corrected 

Lew  Rotor 

Pressure 

Gas 

Jet 

Lew  Rotor 

Thrust  * 

Speed  ** 

Ratio 

Temp .  *★* 

Velocity  + 

Speed  (Ref) 

Standard  Engine 


4561 

5363 

1.2585 

1160 

958 

5335 

7637 

6470 

1.4719 

1258 

1281 

644  7 

10636 

7172 

1.  7039 

1348 

1543 

7151 

5608 

5789 

1.  3282 

1190 

1075 

5775 

86  78 

6750 

1.  5508 

12  89 

1377 

6730 

7692 

64  79 

1.4754 

1257 

1285 

6467 

13597 

7756 

1.  9528 

1434 

1770 

7741 

4152 

5159 

1.2314 

1147 

908 

5149 

16041 

8424 

2.1829 

1545 

1968 

8406 

3585 

4865 

1. 1953 

1119 

833 

4858 

14591 

7990 

2.0435 

1467 

1845 

7972 

9734 

6987 

1.6324 

1326 

1472 

6964 

11589 

7325 

1.  7780 

1385 

1622 

7304 

16595 

8576 

2. 2342 

1578 

2020 

8566 

15560 

8262 

2.1366 

1508 

1923 

8242 

With  Mixer 

7669 

6579 

1.4634 

1265 

1271 

6557 

12571 

75  90 

1.8579 

1405 

1690 

7565 

56  51 

5889 

1.3202 

11  35 

1062 

5889 

4642 

5504 

1. 2524 

1153 

94  5 

5486 

16551 

8593 

2.2429 

1584 

2028 

8552 

8720 

6817 

1.544 

1287 

1371 

6817 

4203 

52  85 

1.2232 

1138 

890 

52  63 

14709 

8010 

2.0565 

1476 

1860 

8010 

3616 

4995 

1.1884 

1116 

817 

4976 

10803 

72  58 

1. 7060 

1357 

1550 

7231 

15820 

8362 

2.1675 

1532 

1955 

8337 

462  5 

7023 

1.6135 

1319 

1453 

7023 

7784 

6582 

1.46  80 

1255 

1275 

6554 

13890 

782  9 

1.9671 

1444 

1785 

7800 

16361 

8512 

2.2187 

1567 

2005 

84  89 

* 

Engine  thrust  in  pounds 

as  measured  by  the  thrust  meter  at  the 

test  stand  , 

and  corrected  to  standard 

day  barometric 

:  pressures. 

** 

Rotor  speed 

in  revolutions  per  minute  corrected 

to 

a  59°F  day. 

**> 

Temperature 

in  °R  corrected  to  59°F 

+ 

Velocity  in 

feet  per  second  expanded 

to  ambient 

pressure  and  cor 

rected  to  a 

770p  day. 

+♦ 

An  approximate  value  of 

corrected 

low-pressure  rotor  speed  based 

on  the  test 

stand  rp«n  meter.  This 

value  is  used 

to 

identify  the 

acoustic  data  printouts 

cont  ai  ned 

in 

Appendix  A. 
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TABLE  2.2.2-III 

STANDARD  ENGINE  AND  MIXER  (MOD.  5Z) 
OPERATING  CONDITIONS  WITH  72  7  TAILPIPE 


Corrected 

Engine 

Exhaust 

Core 

Corrected 

Corrected 

Low  Rotor 

Pressure 

Gas 

Jet 

Low  Rotor 

Thrust  * 

Speed  ** 

Ratio 

T  emp .  *** 

Standard  Engine 

Velocity  ♦ 

Speed  (Ref)  +♦ 

17,610 

8894 

2.336 

1645 

2113 

8892 

17,530 

8880 

2.326 

1639 

2104 

8875 

16,  628 

8616 

2.327 

1564 

2011 

8614 

16,332 

8521 

2.217 

1540 

1985 

8527 

16,246 

84  9  7 

2.205 

1534 

1975 

84  97 

15,702 

8337 

2. 156 

1498 

1926 

8333 

14,688 

8053 

2.057 

1449 

1840 

8056 

14,331 

7965 

2.022 

1435 

1811 

7968 

14,269 

7942 

2.015 

1433 

1806 

7946 

13, 167 

7668 

1.913 

1394 

1719 

7670 

12,999 

7647 

1.896 

1391 

1706 

7640 

11, 35o 

7298 

1.757 

1342 

1580 

7301 

11,298 

7280 

1.751 

1342 

1576 

7275 

9,262 

6922 

1.599 

1285 

1419 

6913 

9,199 

6915 

1.593 

12  86 

1414 

6913 

5,388 

5562 

1.289 

1145 

1068 

5554 

4,788 

5556 

1.286 

1145 

With  Mixer 

994 

5557 

17,447 

8892 

2.321 

1648 

2108 

8892 

17,428 

8857 

2.335 

1635 

2106 

8853 

1 5, 946 

8478 

2.181 

1527 

1958 

8474 

15,840 

8414 

2. 182 

1510 

1948 

8417 

15,472 

8336 

2.139 

1493 

1914 

8333 

15,440 

8304 

2.144 

1485 

1911 

83  00 

15,031 

8242 

2.089 

14  73 

1874 

8245 

14,956 

8184 

2.092 

1461 

1868 

8183 

14,569 

8120 

2.043 

1450 

1833 

8123 

14,455 

8065 

2.038 

1439 

1823 

8063 

14, 007 

7982 

1.989 

1423 

1784 

7977 

13,634 

7901 

1.95  0 

1410 

1752 

7893 

13,  541 

7864 

1.945 

1402 

1744 

7861 

12,417 

7641 

1.836 

1363 

1649 

7631 

10,713 

7314 

1.685 

1311 

1506 

7310 

10,618 

72  88 

1.676 

1309 

1498 

7288 

8,773 

6970 

1.  528 

1260 

1339 

6970 

6,784 

6434 

l.  386 

1198 

1153 

6441 

6,744 

6406 

1.385 

1193 

1149 

6403 

4,789 

5611 

1.248 

1127 

927 

5606 

4,  729 

5589 

1.244 

1123 

919 

5588 
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*  Thrust  level 8  based  on  correlations  of  indoor  and  outdoor  teat  stand 
thrust  specific  fuel  consumption. 

**  Rotor  speed  in  revolutions  per  minute  corrected  to  a  59°F  day. 

***  Temperature  in  °R  corrected  to  59°F 

♦  Velocity  in  feet  per  second  expanded  to  ambient  pressure  and  corrected 
to  a  77°F  day. 

♦+■  An  approximate  value  of  corrected  low-pressure  rotor  speed  based  on  the 
test  stand  rpra  meter.  This  value  is  used  to  identify  the  acoustic  data 
printouts  contained  in  Appendix  A. 


TABLE  2.2.2-IV 

ACOUSTIC  DATA  PRINTOUT  SAMPLE 


2JM  n  01973  jrao-n  REF  SPUTTER  S/L.0C9  REV  50EG  C  ANT  NORTH  GP 1 *0R A  150.1740 


-  J TOO  -1* 

INLET  T FHP 

■ 

30.00 

F 

Engine  number 

•  0003 72 

tehpe  rat urf 

* 

30.0 

F 

TINE  Of  OAV 

■ 

756 

CAl  A  t VtL 

■  124.0  Oft. 

BARM.  PRESSURE 

m 

30.02 

IN. 

stand 

-  x-314 

humioitv 

a 

78 .0 

PER  CT. 

Ml  NO  DIRECTION 

• 

S 

o*te 

«  02/26/19 

OBSE»VEO  RPH 

6*65 

Ml  NO  VELOCITY 

* 

I 

MPh 

CORRECTED  RP« 

a 

64  47 

FAA  PART  3a  REFERENCE  OAV  CORRECTED  SPL  IN  UP  -  RADIUS  ■  1*0.0  FT. 


ANGLE  IN  DEGREES 


Ct 91 tt 
PR€w. 

VO 

100 

110 

120 

130 

135 

140 

145 

150 

155 

tRHl  1 

.350 

<•7.7 

89.2 

90.3 

93.6 

*e.4 

100.3 

101.8 

103.0 

104.4 

105.7 

.063 

e4.fl 

*1.1 

91.fi 

95.3 

;oo.o 

102.6 

104.1 

105.8 

106.2 

107.3 

.090 

*0.1 

91.6 

93.7 

96  .6 

101  .8 

104.3 

106.3 

107.fi 

108.2 

108.3 

.1  no 

PI. 8 

**.  1 

96.7 

48.6 

103.2 

105.5 

207.0 

108.  7 

109.2 

109.6 

.125 

PI. 5 

95.2 

97.1 

99.5 

104.4 

106.4 

107.8 

100.8 

108.5 

108.3 

•  1  60 

*4.6 

96.0 

98.1 

100.9 

105.0 

106.6 

107.2 

106.1 

10b. 4 

104.1 

.2  00 

*5.2 

*7.  1 

98 .9 

101  .6 

104.9 

105.9 

106.7 

106.2 

106.4 

101.1 

.250 

*6  .0 

*7.5 

99.5 

101.6 

10%.  4 

1C5.0 

105.0 

104.2 

104.3 

98.5 

.313 

*6.3 

97.9 

99.9 

102.2 

104.2 

104.  1 

103.6 

102.4 

102.4 

98.9 

.400 

*6.  a 

*d.  3 

100.0 

101.9 

103.6 

103.  1 

102.5 

101 .5 

100.5 

98.7 

.500 

*5.6 

97.6 

99.0 

101.0 

102.3 

101.5 

101.0 

99.6 

98.9 

96.5 

.630 

***.7 

97.2 

98.3 

100.3 

101  .3 

100.5 

99.5 

98.2 

97.9 

94.6 

.500 

94.2 

96.4 

97.6 

99.0 

49.8 

99.0 

97.9 

96.9 

96.1 

94.0 

1.00 

*3.6 

95.6 

96.8 

98.0 

48.4 

97.2 

96.6 

95.1 

94.0 

92.9 

1.23 

9  J.O 

9r*.7 

96.  1 

97.1 

96.9 

95.8 

94.8 

93.2 

92.6 

91.7 

1.60 

92.6 

*9.2 

95.2 

95.9 

45.7 

44.7 

93.3 

91 , 9 

91  .2 

90.8 

2.00 

*1.6 

93.7 

94.3 

94.8 

94.4 

93.0 

92.2 

90.4 

89.6 

89.2 

2.50 

90.9 

43.2 

93.7 

93.8 

93.3 

92.6 

91.0 

89.6 

R8.6 

88.2 

3.  13 

*0.2 

*1.6 

92.6 

4  2.4 

91.0 

91.4 

89. 8 

88.7 

87.4 

86.6 

4.00 

A  6  •  6 

40.4 

91.1 

90.3 

90.4 

89.7 

80.0 

06.6 

86.0 

85.2 

5.00 

87.4 

89.  A 

89.3 

flfi.9 

80.6 

87.8 

86.  7 

84.fi 

84.4 

82.9 

6.  30 

89.8 

92-1 

90.9 

89.3 

08.1 

87.2 

87.4 

03.9 

85.6 

83.5 

8.00 

92.5 

96.3 

95.5 

92.1 

90.8 

88.9 

87.8 

06.4 

86.0 

84.0 

10.0 

90.6 

9*  .2 

96.2 

43.6 

91.2 

88.9 

87.3 

86.1 

85.5 

83.5 

OASPl 

10  7.0 

10m.** 

110.3 

112.0 

114.6 

115.5 

116.1 

116.7 

116.9 

116.0 

PNL  T 

117.- 

L  1  9  .  * 

120.3 

121.0 

121.8 

121.6 

121.5 

120.9 

120.8 

1  *9.3 

PNL 

1  IT.* 

11*. 4 

120.3 

121. 0 

121.8 

121.6 

121.5 

120.9 

120.6 

11*.3 

OB  A 

104.1 

106.1 

107.2 

108.1 

100.9 

108.3 

107.7 

106.8 

106.4 

104.1 

BAND 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

TCORR 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NAllMUM 

hasp  l 

■ 

l  16.87 

COMPOSITE  SPL 

MAI I  MU* 

pnl  t 

■ 

121.82 

COMPOSITE  PNL 

AllNufi 

PNL 

a 

121.82 

pnlt  (Integrated) 

MAXIMUM 

08  A 

a 

100.09 

1 1  T.  T* 

123.79 
130. JT 


THt  l-OLLdHlNG  CONOITIUN  MAS  SEEN  iOOEO  ID  THE  H601  ORTA  BASF 

SASc  ID  LO  OAFS  ENG  hDl)  eng  no  stno  C  nss  CORR  temp  mUH  ttt  tike  barh  «0  rv  run 

sa*  10  750  02/78/T9  JF80  -IT  000372  *3|*  3  82a*  »**7  77. o  70.0  30.0  T*a  30.02  S  I  23*1  H  01923  JTtO-17  REF  SPUTTER  B/L.0C9  «t 

V  50EG  CANT  NORTH  GP  l»0R Al*0 . 1T*0 
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It  is  noteworthy  to  point  out  that  at  the  same  thrust  settings,  installa¬ 
tion  of  a  mixer  produced  a  slightly  higher  core  jet  velocity  at  thrust 
setting  above  the  14,000  pound  level  and  lower  jet  velocities  at  thrusts 
of  14,000  pounds  and  below. 

Using  the  perceived  noise  level  versus  core  jet  velocity  regression  proce¬ 
dure  as  well  as  the  thrust  versus  core  velocity  from  Table  2.2.2-V,  the 
perceived  noise  levels  at  angles  for  90  to  155  degrees  at  a  series  of  en¬ 
gine  thrusts  were  tabulated,  as  shown  by  the  examples  in  Tables  2.2.2-VI 
and  VII  for  the  standard  JT8D  engine  and  with  the  mixer  installed,  respec¬ 
tively.  From  data  in  these  tables  equal  noise  comparisons,  including  peak 
perceived  noise  levels  versus  thrust  and  perceived  noise  level  directivity 
patterns,  were  made. 


TABLE  2.2.2-V 

ENGINE  THRUST  AND  CORE  JET  VELOCITY  VALUES 
Standard  Engine  and  Mixer  Configurations 
for  DC-9  and  727  Tailpipes 

DC-9  Tailpipe  727  Tailpipe 


Thrust  (lbs) 

Standard 

5M  Mixer 

Standard 

5Z  Mixer 

6000 

1130 

1100 

1135 

1072 

8000 

1316 

1302 

1315 

1270 

10,000 

1487 

1476 

1475 

1445 

12,000 

1649 

1642 

1630 

1613 

13,000 

1728 

1724 

1710 

1700 

14,000 

1807 

1806 

1785 

1785 

15,000 

1885 

1889 

1865 

1872 

16,000 

1964 

1973 

1955 

1965 

16,600 

2020 

2030 

2010 

2020 

TABLE  2.2.2-VI 


PERCEIVED  NOISE  LEVELS  AT  CONSTANT  THRUST 
Standard  JT8D  Engine  with  DC-9  Tailpipe 
1500  Ft  Perceived  Noise  Level 


Thrust  (lbs) 

6000 

8000 

10000 

12000 

13000 

14000 

15000 

16000 

Jet  Vel.  (ft/sec) 

1130 

1315 

1437 

1649 

1728 

1806 

1885 

1964 

Angle  (deg) 

90 

89.4 

93.2 

96.4 

99.2 

100.6 

101.9 

103.3 

104.7 

100 

90.7 

94.7 

98.2 

101.2 

102.6 

104 

105.4 

106.8 

no 

91.5 

95.5 

99 

102.1 

103.6 

105 

106.5 

108 

120 

91.7 

96.2 

100 

103.5 

105.1 

106.6 

108.1 

109.5 

130 

91 

96.3 

100.6 

104.5 

106.3 

108.1 

109.9 

111.7 

135 

90.5 

95.9 

100.5 

104.6 

106.5 

108.5 

110.4 

112.3 

140 

89 

94.9 

100 

104.4 

106.5 

108.5 

110.3 

112.2 

145 

87.5 

93.5 

98.7 

103.3 

105.4 

107.4 

109.3 

111.1 

150 

85.3 

91.8 

97.4 

102.1 

104.2 

106.1 

107.7 

109.4 

155 

82 

88.4 

93.5 

97.7 

99.6 

101.4 

103.1 

104.8 
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TABLE  2.2.2-VII 


PERCEIVED  NOISE  LEVELS  AT  CONSTANT  THRUST 
JT8D  Engine  with  Mod.  5M  Mixer  and  DC-9  Tailpipe 
1500  Ft  Perceived  Noise  Level 


Thrust  (lbs) 

6000 

8000 

10000 

12000 

13000 

14000 

15000 

16000 

Jet  Vel .  (ft/ 

sec)  1100 

1301 

1476 

1642 

1724 

1806 

1888 

1973 

Angle  (deg) 

90 

88.6 

92.8 

96.1 

99 

100.4 

101.6 

103 

104 

100 

89.8 

94 

97.4 

100.5 

101.9 

103.2 

104.5 

105.7 

110 

90.6 

94.9 

98.4 

101.5 

102.9 

104.3 

105.6 

107 

120 

90.6 

95 

98.6 

101.9 

103.5 

104.9 

106.4 

107.8 

130 

89.4 

94.4 

98.6 

102.3 

104.1 

105.8 

107.4 

109.1 

135 

88 

93.5 

98 

102.2 

104.2 

106.1 

108 

109.9 

140 

86.6 

92.6 

97.6 

102 

104.2 

106.2 

108.3 

110.3 

145 

85 

91.1 

96.3 

101 

103.1 

105.4 

107.5 

109.6 

150 

82.7 

89.4 

95 

100 

102.3 

104.5 

106.6 

108.6 

155 

79.4 

86  3 

91.9 

96.6 

98.8 

100.8 

102.6 

104.3 

The  PNL  values 

at  similar 

thrust 

levels 

for  a  standard 

JT8D  engine  and 

5Z 

tnizer  configurations  are  tabulated  in  Tables  2.2.2-VIII  and  IX,  respect¬ 
ively.  However,  the  tests  with  the  727  tailpipe  were  conducted  without  fan 
duct  acoustic  treatment,  in  contrast  to  the  DC-9  tailpipe,  which  incorpor¬ 
ated  a  standard  production  fan  duct  double-wall  acoustic  treatment.  Conse¬ 
quently,  fan  noise  levels  would  be  higher  with  the  727  tailpipe  configura¬ 
tion.  To  provide  noise  results  of  the  5Z/727  configuration  that  would  be 
more  representative  of  this  installation  in  a  JT8D  engine  with  fan  duct 
treatment  as  well  as  to  permit  a  direct  comparison  with  5M/DC-9  data,  the 
extra  fan  noise  in  the  5Z  data  was  analytically  removed  from  the  noise 
spectra  and  the  perceived  noise  levels  were  recalculated.  A  discussion  of 
the  additional  data  processing  procedures  to  account  for  the  absence  of 
the  fan  duct  treatment  is  presented  in  Appendix  B. 


TABLE  2.2.2-VIII 


PERCEIVED  NOISE  LEVELS  AT  CONSTANT  THRUST 
Standard  JT8D  Engine  with  727  Tailpipe 
1500  ft  Perceived  Noise  Level 


Thrust  (lbs) 

6000 

8000 

10000 

12000 

13000 

14000 

15000 

16000 

Jet  Vel.  (ft/sec) 

1135 

1398 

1475 

1630 

1710 

1785 

1865 

1955 

Angle  (deg) 

90 

89.4 

95.1 

96.6 

99.6 

101.1 

102.4 

103.7 

105.2 

100 

89.9 

95.7 

97.2 

101.3 

101.8 

103.2 

104.7 

106.4 

110 

91.8 

97.5 

99 

102.1 

103.7 

105 

106.5 

108.2 

120 

91.4 

97.9 

99.6 

103.1 

104.8 

106.4 

107.9 

109.5 

130 

90.7 

98.1 

100.2 

104.3 

106.3 

108.1 

no 

111.8 

135 

89.8 

97.7 

100 

104.5 

106.7 

108.6 

110.3 

112.5 

140 

88.6 

97 

99.4 

104.1 

106.3 

108.2 

110.1 

112 

145 

87.4 

96.1 

98.7 

103.3 

105.5 

107.4 

109.2 

Ill 

150 

84.6 

93.8 

96.4 

101.3 

103.6 

105.6 

107.2 

108.8 

155 

81.6 

91.1 

93.9 

99 

101.4 

103.4 

105.1 

106.6 
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TABLE  2.2.2-IX 


PERCEIVED  NOISE  LEVELS  AT  CONSTANT  THRUST 
JT8D  Engine  with  5Z  Mixer  and  72  7  Tailpipe 
1500  ft  Perceived  Noise  Level 


Thrust  (lbs) 

6000 

80  00 

10000 

12000 

13000 

14000 

15000 

16000 

Jet  Vel .  (ft/sec) 

1072 

1360 

1445 

1613 

1700 

1785 

1872 

1965 

Angle  (deg) 

90 

88. 1 

94.2 

95.8 

98.6 

100 

101.3 

012.5 

103.7 

100 

89.5 

95.6 

97.1 

100 

101.4 

102.7 

104 

105.6 

110 

91. 8 

97.4 

98.8 

101.5 

102.9 

104.  2 

105.6 

107 

120 

90.9 

96.7 

98.2 

101.4 

102.9 

104.3 

105.7 

107 

130 

88.7 

95.5 

97.4 

100.9 

102.7 

104.2 

105.7 

107.3 

135 

87.5 

94.4 

96.4 

100.1 

102 

105.7 

105.4 

107.1 

140 

85.8 

93.5 

95.  5 

99.5 

101.5 

103.4 

105.4 

107.4 

145 

84.4 

92.1 

94.3 

98.  7 

101 

103.2 

105.4 

107.8 

150 

80.8 

89.4 

91.9 

96.8 

99.2 

101.6 

104 

106.4 

155 

— 

85.8 

88.6 

94.1 

96.9 

99.6 

102.1 

104.  7 

2.3  TEST  VEHICLE  DESCRIPTION  AND  INSTRUMENTATION 
2.3.1  Test  Vehicle  —  General  Description 

All  testing,  both  performance  and  acoustic,  was  conducted  with  a  Pratt  & 
Whitney  Aircraft  JT8D-17  developnent  engine.  During  parts  of  the  pro¬ 
gram,  testing  was  augnented  with  the  use  of  two  JT8D-17  engines. 

The  JT8D-17  is  a  dual  spool,  axial  flow  turbofan  engine  with  a  rating  of 
16,000  pounds  of  net  takeoff  thrust  at  sea  level  static  conditions.  In 
brief,  the  low-pressure  spool  consists  of  a  two-stage  fan  and  four  stage 
low-pressure  compressor  driven  by  a  two-stage  low-pressure  turbine  unit. 
In  the  high-pressure  spool,  a  seven-stage  compressor  is  driven  by  a  two- 
stage  uncooled  turbine.  The  combustion  system  is  a  multi-can  annular 
system.  Table  2. 3.1-1  lists  key  engine  operating  parameters. 

Before  testing,  the  engine  was  diassembled  and  thoroughly  inspected. 

Worn  or  damaged  parts  were  either  repaired  or  replaced.  Instrunentation, 
such  as  strain  gages  and  thermocouples,  was  also  installed  on  selected 
components  while  the  engine  was  disassembled. 

Figure  2.3. 1-1  shows  the  JT8D  test  engine  installed  in  the  a  sea  level 
static  performance  test  facility  (stand  X-16)  prior  to  testing  a  mixer 
configuration.  The  engine  incorporated  an  inlet  bellmouth  to  ensure  un¬ 
distorted  inlet  flew  conditions.  During  noise  evaluations  at  the  Pratt  & 
Whitney  Aircraft  outdoor  acoustic  facility  (stand  X-314)  an  inlet  noise 
suppressor  tube  was  installed  to  minimize  contamination  of  jet  noise 
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measurements  by  inlet  radiated  fan  and  compressor  noise.  In  addition,  an 
exhaust  system,  consisting  of  an  acoustically-lined  tailpipe,  was  used 
in  this  program.  Tailpipes  of  the  respective  airframes,  the  DC-9  and 
727,  were  used  during  selective  performance  and  acoustic  tests.  For  the 
acoustic  tests,  the  tailpipes  were  canted  away  from  the  ground  micro¬ 
phones  (DC-9,  5  degress  and  727,  3.3  degrees)  to  simulate  the  engine/ 
tailpipe  orientation  during  an  overhead  flyover.  Figure  2. 3. 1-2  shows  a 
JT8D  engine  installed  in  the  outdoor  facility  with  the  inlet  noise 
suppression  tube  and  a  DC-9  tailpipe. 


TABLE  2. 3.1-1 

STANDARD  JT8D-17  OPERATING  PARAMETERS 
(Takeoff  Sea  Level  Static  Conditions) 


Fan  Pressure  ratio  2.06 

Bypass  Ratio  1.02 

Overall  Compressor  Ratio  16.93 

Turbine  Stator  Inlet  Temperature  (°F)  1990 

Turbine  Discharge  Temperature  (°F)  1108 


Figure  2.3. 1-1  JT8D-17  Test  Engine  —  The  engine  is  shown  installed  in 

stand  X-16  prior  to  performance  testing  of  the  5M  mixer 
configuration. 
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Figure  2.3. 1-2  JT8D-17  Test  Engine  —  The  engine  is  shown  installed  at 

the  outdoor  acoustic  facility  with  an  inlet  noise 
suppression  tube  and  a  DC-9  tailpipe. 

In  test  conducted  with  the  DC-9  tailpipe,  the  standard  double-wall  fan 
duct  acoustic  treatment  was  used.  This  treatment,  however,  was  not 
installed  during  the  test  with  the  727  tailpipe. 

2.3.2  Instrumentation 

The  engine  was  equipped  with  sufficient  instrumentation  to  measure  key 
performance  parameters  as  well  as  ensure  the  structural  integrity  of  the 
engine  and  mixer  component.  Pressure  and  temperature  sensors  were  in¬ 
stalled  at  standard  measurement  locations.  The  JT8D-17  development 
engine  typically  has  instrumentation  installed  at  these  locations.  This 
previous  experience  provided  reliability,  accuracy,  pressure  and  temper¬ 
ature  circumferential  variations  and  absolute  levels  as  a  basis  for 
comparison  to  baseline  testing.  A  listing  of  the  different  types  of 
pressure  and  temperature  instrumentation  is  presented  in  Table  2. 3. 2-1, 
and  the  installation  locations  are  depicted  in  Figure  2. 3. 2-1. 
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TABLE  2. 3. 2-1 


PERFORMANCE 

INSTRUMENTATION 

ARP* 

Station 

Engine 

Location 

Description 

2.0 

Forward  of  inlet 

Guide  Vane 

Total  Temperature  Sensors 

6  Pitot  Total  and  Static  Pressure  Probes 

13.0 

Fan  Exit  Guide  Vane 
Discharge 

4  Total  Pressure  Pole  Rakes  with  5  Sensing 
Elements  per  Rake 

16  Individual  Total  Temperature  Probes  ** 

2.2 

Low-Pressure  Com 
pressor  Discharge 

4  Total  Pressure  Pole  Rakes  with  5  Sensing 
Elements  per  Rake 

2  Static  Pressure  Bleed  Cavity  Sensors 
4  Total  Temperature  Pole  Rakes  with  5 
Sensing  Elements  per  Rake** 


3.0  High-Presaure  Com-  3  Total  Pressure  Rakes  with  4  Sensing 

ressor  Discharge  Elements  per  Rake 

2  Static  Pressure  Bleed  Cavity  Sensors 

1  Fuel  Control  Static  Pressure  Sensor 

2  Total  Temperature  Rakes  with  4  Sensing 
Elements  per  Rake  ** 

4.0  Turbine  Cooling  Air  l  Bleed  Cavity  Static  Pressure  Sensor 

7.0  Low-Pressure  Turbine  6  Total  Pressure  Probes  with  6  Sensing 

Discharge  Elements  per  Rake  Cl  Manifolded  Average 

Sensor) 

I  Outer  Static  Pressure  Sensor  at  Each 
Turbine  Exit  Location 

8  Total  Temperature  Rakes  with  1  Average 
Sensor  per  Rake** 

16  Fan  Duct  Exit  6  Total  Pressure  Probes  with  6  Sensing 

Elements  per  Probe  (1  Manifolded  Average 
Sensor) 

1  Outer  Static  Pressure  Sensor  at  Each  Fan 
Duct  Exit  Location 

Notes:  *Aerospace  Recommended  Practices 
**  Calibrated  Thermocouples 

The  instrumentation  was  calibrated  before  testing  and  periodic  calibra¬ 
tion  checks  were  conducted  during  the  test  sequence  to  ensure  data 
validity. 
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Figure  2.  3.  2-1  Schematic  of  JT8D  Engine  Showing  Instrumentation 

Locations  —  The  basic  test  configuration  is  equipped 
with  a  full  complement  of  calibration  type 
instrumentation . 

Strain  gages  were  installed  on  selective  fan  and  turbine  blades  to  ver¬ 
ify  .that  the  presence  of  the  exhaust  mixer  did  not  impart  any  high 
stress  levels  on  these  components . *  Strain  gages  and  thermocouples  were 
also  installed  at  predetermined  locations  on  the  mixer  and,  in  some 
cases,  on  the  tailpipe  to  monitor  thermal  response. 

During  selected  tests,  a  traverse  instrumentation  system  was  used  as  a 
diagnostic  tool  to  determine  the  amount  of  radial  and  circumferential 
mixing  in  the  exhaust  plume.  The  temperature  and  pressure  data  acquired 
with  this  system  were  used  to  generate  velocity  profiles,  which  served 
as  a  basis  to  guide  geometric  modifications  to  the  mixer. 

A  schematic  of  the  traverse  system  is  shown  in  Figure  2. 3. 2-2.  The 
system  is  installed  directly  behind  the  nozzle  discharge.  The  traverse 
gear  consists  of  a  traverse  rake  attached  along  a  diameter  of  a  circular 
ring  which  in  turn  rests  on  four  idler  wheels.  A  chain  drive  attached  to 
the  ring  is  driven  by  a  stepper  motor  to  rotate  the  ring.  Twelve  total 
temperature  probes  alternating  with  eleven  total  pressure  probes  are 
contained  along  one  half  of  the  rake  length.  This  system  was  used  to 
acquire  data  at  5  degree  increments  for  the  entire  nozzle  exhaust  plume 
of  the  727  tailpipe.  However,  when  used  with  the  DC-9  tailpipe,  the 
system  could  not  be  traversed  at  the  4:00  and  10:00  o'clock  locations 
because  of  an  interference  with  the  reverser  support  stangs. 
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Figure  2. 3. 2-2  Traversing  System  —  The  system  consists  of  a  series  of 

alternating  pressure  and  temperature  probes  from  which 
velocity  profiles  can  be  generatced  to  show  mixing  ef¬ 
ficiency. 

Pressure  and  temperature  data  wei3  recorded  on  magnetic  tape  by  a  port¬ 
able,  high  accuracy  pressure  and  temperature  system  (HAPTS).  The  HAPTS 
signal  is  converted  to  engineering  units  which  are  recorded  on  punch 
cards.  These  cards  are  loaded  into  the  IBM  370  computer  and  displayed  on 
an  interactive  scope  for  data  editing.  The  edited  data  are  processed  by 
another  computer  program  that  uses  the  input  temperatures  and  pressures 
to  calculate  velocities.  The  program  also  generates  information  used  to 
create  contour  plots  of  pressure,  temperature  and  velocity  on  an  auto¬ 
matic  plotting  system. 

2.4  TEST  FACILITIES 

All  experimental  engine  testing  was  conducted  at  the  Pratt  &  Whitney 
Aircraft  Commercial  Products  Division  in  East  Hartford,  Connecticut. 
Performance  testing  was  conducted  in  a  sea  level  test  stand  (stand  X-16) 
and  acoustic  testing  was  conducted  in  an  outdoor  facility  (stand  X-314). 
A  description  of  these  facilities  is  presented  in  the  following  sections. 
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2.4.1  Sea  Level  Test  Facility 

The  sea  level  test  facility,  stand  X-16,  is  designed  to  develop  both 
afterburning  and  nonafterburning  turbojet  and  turbofan  engines.  Total 
airflow  in  the  stand  is  limited  by  the  inlet  sound  treatment  to  1800 
lbs/sec.  Testing  can  be  conducted  at  static  sea  level  inlet  and  exhaust 
conditions . 

The  stand  is  constructed  or  reinforced  concrete  in  the  form  of  an  en- 
longated  "ELL".  A  horizontal  inlet  and  resonant  chamber  exhaust  silencer 
with  a  vertical  discharge  stack  are  located  at  the  extreme  ends.  Exten¬ 
ded  sound-stream  type  acoustical  panels  with  42  percent  open  area  are 
installed  in  the  inlet.  The  engine  is  mounted  to  a  suspended  overhead- 
type  thrust  measurement  platform.  Ambient  air  is  supplied  to  the  inlet, 
which  is  isolated  from  the  afterpart  of  the  engine  by  a  partial  bulk¬ 
head.  Exhaust  gases  are  ejected  into  a  collector  tube  where  they  are 
mixed  with  and  cooled  by  atmospheric  air  aspirated  over  the  inlet  bulk¬ 
head  vane.  Additional  cooling  of  exhaust  is  accomplished  by  injecting 
water  into  the  air  stream  by  means  of  spray  nozzles  in  the  exhaust  duct. 
The  mixed  gases  are  then  dispersed  through  an  exhaust  silencer. 

The  controls  and  instrumentation  to  operate  the  engine  and  monitor  per¬ 
formance  are  located  in  the  control  room.  This  room  is  located  at  an 
intermediate  elevation,  and  an  observation  window  allows  visual  inspec¬ 
tion  of  the  test  cell  interior  testing.  Support  equipment  and  services 
are  located  beneath  the  control  room. 

Test  parameters  are  recorded  automatically  by  the  steady-state  data  sys¬ 
tem  ( SSDS ) .  This  system  consists  of  a  central  computer  area  and  four 
remote  subsystems.  There  are  also  four  seven-track  556  BP1  tape  units 
for  recording  stand  data,  one  card  punch,  one  card  reader,  one  printer 
and  computer-subsystem  interface  log. 

When  data  acquisition  is  initiated,  the  data  are  processed  first  through 
the  central  computer  that  converts  the  electrical  signals  to  engineering 
units.  The  conversion  is  accomplished  by  a  preprocessor  program  with  in¬ 
formation  pertaining  to  the  engine  configuration  supplied  by  input  in 
the  long  ierra  and  pretest.  The  engineering  unit9  can  then  be  printed  at 
the  3tand  and  at  the  central  computer  area.  In  addition  to  printed  out¬ 
put,  the  engineering  units  are  recorded  on  magnetic  tape  and/or  cards  in 
the  automatic  data  recording  (ADR)  card  image  format.  Within  the  central 
computer,  a  "quick-look"  program  receives  the  engineering  units  and  cal¬ 
culates,  for  printout  at  the  stand  or  on  the  central  printer,  the  meas¬ 
ured  data,  selected  answers  and  selected  gas  stream  radial  pressure  and 
temperature  profiles. 

Special  cabling  is  provided  from  the  test  cell  to  the  control  room  and 
to  an  outside  mobile  van  panel.  This  enables  connecting  special  instru¬ 
mentation  such  as  vibration  meter-s,  pressure  transducers,  strain  gages, 
closed-circuit  televisions,  fuel  flows  and  communications. 
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2.4.2  Acoustic  Teat  Facility 

Stand  X-314  was  the  outdoor  facility  used  for  evaluating  noise  and  per¬ 
formance  characteristics  of  the  JT8D-17  test  engine  with  various  mixer 
configurations.  The  engine  was  mounted  on  the  stand  supported  by  two 
large  "I"  beams  cantilevered  from  a  vertical  open  truss  structure  in  a 
manner  to  provide  noise  radiation  free  of  acoustical  shadow  zones  around 
the  engine.  The  engine  was  installed  at  a  height  of  approximately  16  feet 
above  the  ground. 

The  test  pad  area  is  directly  under  and  adjacent  to  the  test  stand  con¬ 
sisted  of  paved  asphalt  and  concrete.  A  cleared  and  carefully  graded 
controlled  ground  surface  with  uniform  reflective  characteristics  exten¬ 
ded  for  the  test  pad  in  a  semicircle  around  the  right  side  of  the  engine 
in  an  area  enclosed  by  an  arc  of  an  approximately  200-foot  radius.  The 
controlled  surface  consisted  of  a  12-inch  deep  layer  of  1  to  1.5-inch 
size  trap  rock,  with  a  drainage  system  to  maintain  a  water  table  of  at 
least  18  inches  below  the  finished  surface.  On  the  left  side  of  the 
engine  on  an  arc  from  90  to  approximately  170  degrees,  the  ground  surface 
consisted  of  sealed  asphalt  to  a  radius  of  approxixmately  160  feet.  Fig¬ 
ure  2.4. 2-1  shows  the  surface  arrangement  with  the  microphone  locations. 

Engine  noise  levels  were  measured  over  the  trap  rock  surface  by  an  array 
of  pole  microphones  permanently  located  along  a  nominal  150-foot  radius 
arc  with  diaphragms  placed  to  receive  noise  at  grazing  incidence  at  a 
height  approximately  in  the  same  horizontal  plane  as  the  engine  center¬ 
line.  The  array  consisted  of  1 9  microphones.  The  microphone  distances  and 
angles  relative  to  the  jet  exit  plane  centerline  are  listed  in  Table 
2. 4.2-1.  A  hard,  smooth-sealed  asphalt  surface  exists  on  the  opposite 
side  of  the  engine  covering  the  area  from  90  to  160  degrees  within  a  150- 
foot  arc.  A  portable  array  of  ground  level  microphones,  spaced  at  no 
greater  than  10-degree  intervals  along  the  arc,  was  used  to  obtain  a 
clear  definition  of  low  frequency  noise.  These  microphones  were  also 
placed  relative  to  the  centerline  of  the  exhaust  plane  of  the  engine 
t  a  il  pi  pe  . 

The  acoustic  data  recording  system  was  contained  in  a  mobile  van  located 
adjacent  to  the  test  area.  The  signal  conditioning  and  recording  console 
provided  calibration  and  monitoring  instrunentation,  switching  capabil¬ 
ity,  variable  gain  signal  conditioning  amplifiers,  and  full  analog  mag¬ 
netic  tape  recording  capability.  Calibrations  were  completed  both  before 
and  after  testing  to  ensure  system  measurement  reliability,  provide 
appropiate  microphone,  cable  and  system  responses,  and  provide  a  known 
sound  pressure  level  to  the  system  for  an  acoustic  reference  point. 
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1.  TRAILER 

2.  VAN 


Figure  2. 


.2-1  Schematic  Representation  of  the  Arrangement  of  the  Pratt 
&  Whitney  Aircraft  Acoustic  Test  Facility  Stand  X-314  — 
The  test  stand  configuration  together  with  the  sound 
field  and  microphone  system  are  of  the  highest  quality, 
and  the  facility  has  been  used  previously  to  produce 
data  used  by  the  Federal  Aviation  Administration  to  ap¬ 
prove  acoustic  changes  in  engine  hardware. 
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TABLE  2.4. 2-1 


POLE  MICOPHONE  ANGLES  AND  DISTANCES 
DC-9  AND  727  TAILPIPE  TEST  ARRANGEMENTS 
REFERENCED  TO  A  STANDARD  ANGLE 


TO  STD  90  DEG 


X-314  STAND 


Pole 

Standard 

DC-9  Tailpipe 

727  Tailpipe 

No. 

Ang.  (deg) 

Ang. (deg) 

Dist.(ft) 

Ang. (deg) 

Dist . 

4 

30 

33 

157 

32 

157 

5 

40 

43 

156 

41 

156 

6 

50 

53 

155 

51 

155 

7 

60 

62 

154 

61 

154 

8 

70 

72 

153 

70 

153 

9 

80 

82 

151 

80 

151 

- Portable - 

90 

150 

— 

— 

10 

90 

92 

150 

90 

150 

11 

95 

97 

149 

95 

149 

12 

100 

102 

148 

100 

149 

13 

105 

107 

148 

105 

148 

14 

110 

112 

147 

no 

147 

15 

115 

117 

146 

116 

146 

16 

120 

122 

146 

121 

146 

— 

Portable  - 

127 

145 

126 

145 

17 

130 

132 

144 

131 

145 

18 

135 

138 

144 

136 

144 

19 

140 

143 

143 

141 

144 

20 

150 

155 

143 

152 

143 

Each  analog  tape  containing  noise  data  was  reduced  to  yield  one-third 
octave  band  sound  pressure  levels  from  each  microphone  at  each  measured 
condition.  The  analysis  system  consisted  of  a  playback  tape  recorded 
from  which  signals  were  directed  through  an  amplifier  to  a  contiguous 
filter  set.  The  filter  covered  one-third  band  center  frequencies  from  50 
Hz  to  80  kHz  and  provided  outputs  to  a  multi-output  detector.  The  de¬ 
tector  sensed  the  filtered  values  and  provided  input  to  the  computer. 


The  computer  controls  the  analysis  sequence,  stores  interim  data  sets, 
reads  and  stores  manually-entered  information,  and  transfers  data  to  a 
digital  tape  ready  for  computer  processing.  Data  output  was  selected  for 
an  averaging  time  of  two  seconds  and  accumulated  sixteen  times  in  the 
computer,  then  averaged  to  yield  one-third  octave  band  data  integrated 
over  the  32-second  time  period. 

Upon  completion  of  one-third  octave  band  data  reduction,  the  results  of 
the  reduction  process  were  stored  on  incremental  magnetic  tape.  The 
incremental  magnetic  tape  information  was  input  to  the  large  IBM  370/168 
computer  where  the  data  were  processed  through  computer  programs  to 
apply  calibration  and  weather  corrections  to  the  data.  The  results  were 
then  made  available  in  the  form  of  plots/ curves ,  hard  copy  printout,  and 
storage  in  the  computer  disk  file.  Other  programs  then  assessed  the  data 
and  provided  additional  output  such  as  plots,  power  levels,  perceived 
noise  levels,  data  extrapolations  and  flight  predictions. 


SECTION  3.0 


TEST  RESULTS  AND  ANALYSIS 


3.1  INTRODUCTION 

The  analysis  of  performance  and  acoustic  data  was  a  continuing  process 
throughout  the  test  program,  and  results  served  as  the  basis  for  select¬ 
ing  design  modifications.  During  the  test  program,  a  total  of  11  mixer 
configurations  was  evaluated,  accounting  for  approximately  230  hours  of 
development  testing.  Over  1100  performance  data  points  and  360  acoustic 
points  were  obtained. 

The  different  types  of  tests  and  data  analysis  were  accomplished  under 
Tasks  4  through  7.  Task  4  was  associated  with  performance  and  acoustic 
testing  of  earlier  mixer  configurations,  and  Task  5  was  concerned  with 
the  analysis  and  correlation  of  test  results.  Testing  and  analysis  of 
the  final  mixer  configurations  was  accomplished  under  Task  6  of  the 
program. 

In  this  section,  the  general  performance  and  acoustic  trends  of  the  dif¬ 
ferent  test  configurations  are  first  presented  in  a  comparison  with  the 
baseline  nonmixed  JT8D  configuration.  The  final  mixer  configurations  are 
then  discussed  in  detail  in  terms  of  overall  performance  effects,  in¬ 
cluding  the  impact  on  thrust  specific  fuel  consumption,  acoustic  char¬ 
acteristics  and  structural  integrity. 


3.2  MIXER  AERO /ACOUSTIC  PERFORMANCE  SUMMARY 

As  discussed  in  Section  1.4,  Summary  of  Mixer  Design  Evolution,  the  base 
mixer  design  underwent  several  generations  of  changes  before  the  final 
configurations  were  established.  The  performance  results  that  influenced 
these  modifications  are  summarized  in  the  following  paragraphs.  A  com¬ 
plete  discussion  of  the  performance  and  acoustic  characteristics  of  the 
two  final  mixer  designs  is  presented  in  the  next  section. 

Testing  of  the  base  mixer  design  (configuration  Mod.  1)  indicated  that 
exhaust  system  efficiency  was  essentially  equal  to  that  demonstrated  in 
previous  model  tests.  However,  the  fan  operating  line  was  substantially 
below  the  operating  line  of  the  standard  JT8D  engine,  thereby  producing 
a  penalty  of  30°F  in  exhaust  gas  temperature  at  takeoff  thrust.  The 
operating  line  shift  and  attendant  exhaust  gas  temperature  penalty  was 
attributed  to  a  mismatch  of  the  mixer  area  ratio  (Afan/Aengine) •  Be¬ 
cause  of  the  performance  decrement,  no  acoustic  testing  was  conducted 
with  this  configuration. 

To  improve  performance,  the  mixer  was  modified  by  scalloping  each  of  the 
twelve  lobes.  This  configuration  (Mod.  2)  demonstrated  a  reduction  of 
13°F  in  the  exhaust  gas  temperature  penalty  as  well  as  a  reduction  in 
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area  mismatch  from  +26  percent  to  +14.5  percent.  However,  performance 
remained  unacceptable  and  further  modifications  were  incorporated  to 
improve  system  performance. 


The  third  generation  (Mod.  3)  was  successful  in  demonstrating  acceptable 
exhaust  gas  temperatures,  indicating  that  the  area  mismatch  was  further 
reduced.  Acoustic  testing  was  conducted  with  this  configuration  install¬ 
ed  in  a  DC-9  tailpipe,  but  results  showed  no  significant  improvement  in 
noise  suppression  compared  to  a  standard  JT8D  engine.  In  addition,  noz¬ 
zle  system  performance  was  reduced  by  one  percent  in  nozzle  thrust  coef¬ 
ficient  (Cf)  relative  to  the  preceding  design.  Measurements  of  intern¬ 
al  pressures  at  the  mixer  discharge  plane  and  velocity  surveys  suggested 
(1)  the  occurrence  of  flow  separation  on  the  lobe  sidewall  and  (2)  a 
reduction  in  the  degree  of  mixing  which  was  associated  with  the  flow 
separation  and/or  the  presence  of  scallops  on  the  lobe  sidewalls. 

To  eliminate  the  condition  of  flow  separation,  the  mixer  design  (Mod.  4) 
was  changed  to  increase  lobe  outer  penetration,  thereby  achieving  an 
increased  core  engine  area  without  the  necessity  of  diffusing  sidewalls 
or  scallops.  Testing  of  an  optimized  version  of  the  Mod.  4  configuration 
(Mod.  4A)  demonstrated  acceptable  performance,  along  with  a  significant 
reduction  in  noise  level  and  an  exhaust  gas  temperature  that  was  only 
5°F  higher  than  a  standard  JT8D  engine. 

Although  the  Mod.  4A  configuration  was  acceptable  in  performance  and 
noise  reduction,  structural  considerations  indicated  the  requirement  for 
a  flexible  outer  support  system.  This  design  characterized  the  Mod.  5 
mixer.  Initial  tests  with  this  mixer  showed  a  penalty  in  thrust  specific 
fuel  consumption  of  0.2  percent  and  an  exhaust  gas  temperature  increase 
of  8°F  at  sea  level  static  thrust  relative  to  the  Mod.  4A  configura¬ 
tion.  This  was  caused  by  an  increase  of  6.4  percent  in  mixer  area  ratio. 
In  addition,  tailpipe  wall  temperatures  exceeded  levels  defined  for  the 
DC-9  installation.  Variations  of  the  Mod.  5  mixer,  involving  a  reduction 
in  the  scarf  angles,  resulted  in  the  5M  configuration  which  met  the  the 
temperature  limit  of  500°F  for  the  DC-9  tailpipe.  The  Mod.  5M  mixer 
reduced  the  peak  percieved  static  noise  level  by  2.3  PNdB.  Also,  general 
engine  operating  characteristics,  including  fuel  consumption,  were  unaf¬ 
fected  by  the  mixer. 

The  final  mixer  configuration  for  the  727  installation  was  designated 
Mod.  5Z.  In  terms  of  acoustic  performance,  this  mixer  was  superior  to 
the  5M  design,  demonstrating  a  maximum  noise  reduction  of  4.7  PNdB.  How¬ 
ever,  this  had  a  counterproductive  effect  on  engine  performance.  Fuel 
consumption  was  increased  appreciably  and  other  engine  operating  char¬ 
acteristics  deviated  from  standard  engine  levels. 
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3.3  COMPARATIVE  ANALYSIS  OF  SELECTED  CONFIGURATIONS 


The  presentation  of  detailed  results  focuses  mainly  on  the  final  mixer 
configurations  by  comparing  and  contrasting  test  data  to  the  levels  of  a 
standard  JT8IV-17  engine.  Where  appro  pi  ate,  comparisons  are  made  between 
the  final  configurations  and  earlier  designs. 

3.3.1  Overall  Performance  Effects 

3.  3. 1.1  General  Engine  Performance 

Effects  produced  by  the  5M  configuration  on  parameters  such  as  thrust, 
rotor  speeds  and  pressure  ratios  are  shown  in  Figure  3. 3. 1-1  compared  to 
a  standard  JT8D-17  engine  at  a  constant  pressure  ratio.  The  slight  dif¬ 
ferences  with  the  mixer  are  indicative  of  a  +1.0  percent  effective  area 
ratio  (Afan/Agnging)  change.  In  essence,  these  results  suggest  that 
t' e  5M  configuration  does  not  compromise  static  performance  to  any  meas¬ 
urable  degree  at  takeoff,  since  the  exhaust  gas  temperature  and  fuel 
consumption  at  the  16, 000- pound  thrust  rating  are  improved  compared  to  a 
standard  JT8D-17  engine.  The  slight  deficiency  in  thrust  at  engine  pres¬ 
sure  ratios  of  2.17  and  above  could  be  overcome  by  a  minor  adjustment  to 
inflight  power  setting  curves  in  order  to  ensure  rated  thrust  at  power 
setting  engine  pressure  ratios.  It  should  be  pointed  out,  however,  that 
this  would  not  be  detrimental  to  engine  service  life,  since  data  indi¬ 
cate  no  penalty  in  exit  temperature  at  a  given  thrust  over  the  full 
range  of  power  settings.  Revision  to  power  setting  curves,  would  only 
result  in  achieving  the  same  rated  thrust  as  demonstrated  with  the 
standard  engine  configuration  with  no  degradation  in  exit  temperature. 

Figure  3. 3. 1-2  shows  the  similar  effects  on  thrust,  rotor  speed?  and 
pressure  ratios  resulting  from  the  Mod.  5Z  mixer.  As  indicated  by  these 
trends,  engine  thrust  and  pressure  ratio  are  somewhat  more  sensitive  to 
the  presence  of  the  5Z  mixer  than  the  5M  configuration.  Low-  and  higjh- 
pressure  spool  speeds,  however,  are  consistent  with  the  5M  mixer  trends. 

These  results  indicate  that  the  presence  of  an  internal  exhaust  mixer 
does  have  an  influence  on  engine  component  operating  characteristics, 
although  the  overall  influence  is  slight.  The  difference  in  operating 
trends  between  the  5M  and  5Z  is  apparently  related  to  geometry  different- 
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Engine  Performance  Trends  with  Mod.  5M  Mixer  —  This 
mixer  has  a  negligable  effect  on  thrust,  low-  and 
hi  gh-  pres  sure  rotor  speeds,  and  pressure  ratio  in 
relation  to  standard  JT8D  levels. 


Figure  3.  3. 1- 1 
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Figure  3.  3. 1-2 


Engine  Performance  Trends  with  Mod.  5Z  Mixer  —  The 
presence  of  the  5Z  mixer,  compared  to  the  5M,  has 
more  of  an  effect  on  thrust  and  pressure  ratio. 
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3. 3. 1.2  Exhaust  System  Performance 


In  general,  mixer  performance  and  it  9  interaction  with  the  engine  can  be 
assessed  in  terms  of  three  parameters.  These  are  nozzle  thrust  coeffi¬ 
cient  (Op),  nozzle  discharge  coefficient  ( Cjj)  and  area  ratio.  The 
nozzle  thrust  coefficient  represents  the  combined  effects  of  mixing  and 
pressure  loss  on  exhaust  system  efficiency.  Similarly,  the  nozzle  dis¬ 
charge  coefficient  provides  an  indication  of  the  effect  of  mixing  and 
pressure  loss  on  the  amount  of  airflow  exiting  the  tailpipe  per  unit  of 
nozzle  area.  A  change  in  this  parameter  corresponds  to  the  amount  of 
increase  in  jet  nozzle  area  required  with  the  mixer  to  maintain  the  same 
operating  line  as  a  standard  JT8D  engine.  Finally,  the  ratio  of  calcula¬ 
ted  flow  areas  in  the  fan  and  core  streams  at  the  mixer  discharge  re¬ 
flects  the  flow  split  between  these  streams.  This  parameter  is  deter¬ 
mined  on  the  basis  of  measured  total  pressures,  temperatures  and  flows 
on  each  side  of  the  mixer.  A  change  in  shape  or  level  of  this  parameter 
will  indicate  a  change  in  the  engine  bypass  ratio.  In  using  these  para¬ 
meters  as  indicators  of  exhaust  system  performance,  the  influence  of  the 
Mod.  5M  and  52  mixers  is  discussed. 

The  effect  on  exhaust  system  performance  with  the  5M  mixer  is  shown  in 
Figure  3.3. 1-3  as  the  performance  differences  between  the  mixer  calibra¬ 
tions  and  corresponding  standard  engine  configurations.  These  incremen¬ 
tal  differences  are  compared  as  a  function  of  nozzle  expansion  ratio. 

At  the  takeoff  nozzle  expansion  ratio  (2.15  at  16,000  pounds  thrust), 
the  nozzle  discharge  coefficient  was  3.4  percent  below  a  standard  engine 
level.  To  compensate  for  this  reduction  in  flow  coefficient,  the  DC-9 
jet  nozzle  area  was  increased  by  removing  a  section  of  the  conical 
nozzle.  The  physical  area  achieved  was  2.8  percent  larger  than  the 
standard  configuration  and  within  0.6  percent  of  the  desired  nominal 
area. 

Area  ratio,  the  other  indicator  of  gas  generator  matching,  was  2.9 
percent  below  a  standard  engine  at  takeoff  power.  This  would  tend  to 
raise  the  fan  operating  line  slightly  at  this  condition.  At  low  nozzle 
expansion  ratios,  however,  the  area  ratio  differs  significantly  from  a 
standard  engine  configuration.  Early  in  the  program  it  was  determined 
that  the  total  area  at  the  mixer  discharge  plane  can  have  a  major  affect 
on  the  shape  of  the  engine  operating  line.  The  JT8D  mixer  design  incor¬ 
porates  a  bulbous  plug  which  contributes  to  a  reduction  in  flow  area  at 
the  mixer  discharge.  The  corresponding  reduction  in  flow  results  in  a 
flattening  of  the  fan  operating  line.  Since  it  is  desirable  to  duplicate 
the  standard  engine  match  at  the  takeoff,  the  mixer  area  ratio  was  sized 
for  this  condition.  The  reduction  in  mixer  discharge  total  area,  there¬ 
fore,  resulted  in  a  higher  operating  line  at  low  power  conditions. 
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Pressure  ratio 


Exhaust  System  Performance  Trends  —  The  figure  shows 
the  effect  the  5M  mixer  produced  on  nozzle  discharge 
coefficient,  nozzle  thrust  coefficient  and  area  ratio 


Nozzle  thrust  coefficient  at  takeoff  is  0.2  percent  below  a  JT8D-17  lev¬ 
el.  This,  in  turn,  results  in  a  0.35  percent  increase  in  static  fuel  con¬ 
sumption,  which  must  be  added  to  the  effects  of  engine  cycle  efficiency 
because  of  the  slight  mismatch  in  jet  nozzle  area  and  mixer  area  ratio. 

As  expansion  ratio  is  reduced,  eidnaust  system  efficiency  continues  to 
decrease  as  pressure  loss  effects  become  dominant. 

It  is  important  to  understand  the  contributions  of  increased  mixing  and 
increased  pressure  loss  on  exhaust  system  performance.  Since  the  poten¬ 
tial  gain  in  thrust  from  mixing  is  a  function  of  engine  power  setting  and 
the  effect  of  pressure  loss  is  dependent  on  nozzle  expansion  ratio,  which 
is  a  function  of  engine  power  and  flight  Mach  numbers,  both  effects  must 
be  separated  to  predict  engine  performance  over  the  range  of  flight  con¬ 
ditions.  This  is  possible  through  an  analysis  of  shifts  in  thrust  and 
discharge  coefficients.  Both  parameters  are  reduced  by  increases  in  pres¬ 
sure  loss,  but  increased  mixing  will  improve  the  thrust  coefficient  while 
reducing  the  discharge  coefficient.  Only  one  combination  of  increased 
mixing  and  increased  pressure  los3  will  explain  the  shifts  in  mixer  noz¬ 
zle  coefficients  in  relation  to  a  standard  JT8D  engine.  Analysis  of  test 
data  using  this  method  resulted  in  the  estimates  of  mixing  and  increases 
in  pressure  loss  shown  in  Figure  3.  3. 1-4. 

Exhaust  system  performance  trends  with  the  Mod.  5Z/727  tailpipe  config¬ 
uration  are  summarized  in  Figure  3. 3. 1-5.  At  an  expansion  ratio  of  2.15, 
the  nozzle  discharge  coefficient  is  0.6  percent  below  a  standard  engine 
and  equivalent  to  a  1  percent  increase  in  takeoff  fuel  consumption.  Also, 
this  is  a  0.4  percent  reduction  in  nozzle  thrust  coefficient  relative  to 
results  with  the  Mod.  5M  mixer.  The  decrease  in  nozzle  thrust  coefficient 
is  suspected  the  result  of  a  combination  of  two  factors.  The  first  is  an 
increase  in  pressure  loss,  probably  associated  with  the  high  velocity 
core  air  impinging  on  and  scrubbing  the  tailpipe.  Second,  traverse  re¬ 
sults  of  the  nozzle  exit  properties  indicated  an  increase  in  mixing.  This 
is  also  associated  with  the  outward  penetration  of  core  gases  that  dis¬ 
place  the  fan  discharge  air  around  the  tailpipe  wall  and  thus  promote 
mixing. 

The  contention  of  increased  mixing  and  pressure  loss  is  supported  by  the 
rwozzle  discharge  coefficient  trends  in  Figure  3. 3. 1-5.  Both  mixing  and 
pressure  loss  tend  to  reduce  the  flow  coefficient.  Test  data  with  the  5Z 
mixer  indicate  substantial  reductions  in  flow  coefficient  in  relation  to 
both  a  standard  JT8D  engine  and  Mod.  5M  configuration  of  4.3  percent  and 
l.l  percent,  respectively.  Calculations  of  mixing  and  pressure  losses 
based  on  the  nozzle  coefficient  closure  technique  discussed  previously 
further  support  this  contention. 

For  testing  the  5Z  mixer,  the  jet  nozzle  area  of  the  727  tailpipe  was 
increased  by  3.8  percent.  Since  the  discharge  coefficient  was  reduced  by 
4.3  percent  at  takeoff,  the  nozzle  matching  at  takeoff  required  a  0.  5 
percent  larger  nozzle  increase  to  attain  the  desired  match.  The  net 
effects  of  mixing  and  pressure  loss  result  in  a  decrease  in  the  dis¬ 
charge  coefficient,  which  varies  as  a  function  of  engine  power  setting. 
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Figure  3.3.1 —4  Analytical  Projection  of  Mixer  Performance  in 

Relation  to  Standard  Exhaust  System  Performance  — 
Estimates  in  mixing  and  pressure  loss  can  be  derived 
from  the  analysis  of  shifts  in  nozzle  thrust  and 
discharge  coefficients. 

Therefore,  correct  nozzle  sizing  could  only  be  achieved  at  a  single 
point.  An  area  increase  of  3.8  percent  was  selected  to  avoid  excessive 
compromises  in  operating  line  shift  at  very  high  or  very  low  power 
setting. 
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Figure  3.  3.  1-5  Exhaust  System  Performance  Trends  —  The  figure  shows 
the  effect  the  5Z  mixer  produced  on  nozzle  discharge 
coefficient,  nozzle  thrust  coefficient  and  area  ratio 

Area  ratio,  as  shown  in  Figure  3.  3. 1-5,  is  5.6  percent  below  a  standard 
engine  at  takeoff  with  a  much  larger  variation  at  low  power.  As  with  the 
5M  configuration,  the  reduction  in  area  at  the  mixer  discharge  plane 
results  in  a  variation  in  calculated  area  ratio  as  a  function  of  power. 
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Figure  3.3. 1-4  Analytical  Projection  of  Mixer  Performance  in 

Relation  to  Standard  Exhaust  System  Performance  — 
Estimates  in  mixing  and  pressure  loss  can  be  derived 
from  the  analysis  of  shifts  in  nozzle  thrust  and 
discharge  coefficients. 

Therefore,  correct  nozzle  sizing  could  only  be  achieved  at  a  single 
point.  An  area  increase  of  3.8  percent  was  selected  to  avoid  excessive 
compromises  in  operating  line  shift  at  very  high  or  very  low  power 
setting. 
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3. 3. 1.3  Mixer  Aerodynamic  Performance 


Nozzle  exit  velocity  profiles  were  used  to  assess  the  degree  of  radial 
and  circumferential  mixing  of  selected  mixer  configurations.  Data  to 
generate  the  profiles  were  acquired  with  traversing  pressure  and  tem¬ 
perature  instrumentation  in  a  plane  approximately  2  inches  from  the 
nozzle  exit.  By  assuming  that  static  pressure  is  constant  across  the 
face  of  the  nozzle  and  that  this  pressure  is  equivalent  to  the  static 
pressure  measured  on  the  external  surface  of  the  nozzle,  velocities 
could  be  calculated  from  the  traverse  data  and  isopleths  of  constant 
velocity  could  be  generated.  All  traverse  data  were  obtained  at  maximum 
continuous  power  and  velocities  corrected  to  ambient  conditions  were 
used  for  correlating  noise  data  (77°F  ambient  temperature). 

The  exit  velocity  pattern  of  a  standard  JT8D-17  engine  with  a  DC-9  tail¬ 
pipe  is  shown  in  Figure  3. 3. 1-6  and  a  profile  with  a  727  tailpipe  is 
shown  in  Figure  3. 3. 1-7.  Figures  3. 3. 1-8  through  3.3.1-12  show  the  exit 
profiles  of  selected  mixer  configurations.  The  missing  sectors  at  the 
4:00  and  10:00  o'clock  positions  correspond  to  the  locations  where  the 
gear  on  the  traverse  instrumentation  equipment  interferred  with  the 
stangs  that  support  the  DC-9  reverser  linkage. 
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Figure  3. 3. 1-6  Exit  Velocity  Profile  of  Standard  JT8D-17  Engine  with 
DC-9  Tailpipe  —  The  higher  temperature  and  higher 
velocity  flow  is  concentrated  in  the  central  region. 
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Figure  3. 3. 1-7  Exit  Velocity  Profile  of  Standard  JT8D-17  Engine  with 
727  Tailpipe  —  The  exit  flow  pattern  is  essentially 
the  same  as  that  with  the  DC-9  tailpipe. 

As  indicated  in  Figure  3. 3. 1-6,  the  higher  temperature,  higher  velocity 
gases  exiting  the  turbine  in  a  standard  JT8D  engine  are  concentrated  in 
the  center  of  the  DC-9  tailpipe.  Peak  velocities  in  excess  of  1850 
ft/sec  are  exhibited  in  the  flow.  Cooler,  low  velocity  gases  tend  to 
accumulate  near  the  tailpipe  walls,  and  a  fair  degree  of  mixing  as  a 
result  of  viscous  shear  is  evident  from  the  lack  of  a  distinct  boundary 
between  the  two  streams.  The  diamond  shape  of  the  velocity  contour  is 
typical  of  a  JT8D  engine  and  is  attributed  to  an  interaction  of  gases 
with  the  tangential  struts  in  the  fan  stream  and  the  turbine  exhaust 
case  struts  in  the  core  stream.  Overall,  the  exit  porfile  of  the  JT8D 
with  the  727  tailpipe  is  very  similar,  as  indicated  in  Figure  3. 3. 1-7. 


Figure  3.3. 1-8 


Exit  Velocity  Profile  with  Mod.  3  Mixer  —  This 
profile  exhibits  appreciable  mixing  of  core  and  fan 
stream  gases. 


Figure  3.3. 1-8  shows  the  velocity  pattern  with  the  Mod.  3  configuration, 
the  first  mixer  evaluated  for  acoustic  performance.  The  position  of  the 
mixer  lobes  is  clearly  visible  as  high  velocity  islands  at  the  mid  span 
location.  In  contrast  to  the  profile  in  Figure  3. 3. 1-6,  the  region  of 
high  velocity  gas  diminished  considerably,  although  some  moderately  high 
velocity  regions  up  to  1800  ft/sec  are  still  present. 


Figure  3.  3. 1-9  Exit  Velocity  Profile  with  Mod.  4A  Mixer  —  Increased 
mixing,  representative  of  a  substantial  noise  reduc¬ 
tion,  is  indicative  of  the  greater  penetration  of 
core  cases  to  the  outer  area. 

The  design  changes  in  the  Mod.  4A  mixer  successfully  increased  mixing, 
as  indicated  in  Figure  3. 3. 1-9.  The  higher  velocity  gases  penetrated 
further  towards  the  outer  tailpipe  wall  and  a  region  of  low  velocity 
gases  displaced  the  hotter  gases  at  the  30  to  60  percent  span  location. 
These  changes  in  exit  characteristics  are  significant  since  the  Mod.  3 
configuration  produced  essentially  no  reduction  in  noise,  while  the  Mod. 
4A  design  demonstrated  a  substantial  noise  reduction. 


62 


Figure  3.3.1-10  Exit  Velocity  Profile  with  the  Mod.  5  Mixer  —  The 
higher  rate  of  mixing  with  the  attendant  higher 
temperature  gas  flow  in  the  outer  region  produced 
high  tailpipe  wall  temperatures. 

Traverse  results  with  the  basic  Mod.  5  configuration  are  shown  in  Figure 
3.3.1-10.  The  effect  of  increased  deflection  of  the  mixer  lobes  is 
apparent  in  the  radial  movement  of  high  velocity  regions.  Although  this 
outward  dis personent  of  high  temperature  gases  appeared  to  increase  the 
rate  of  mixing,  it  also  produced  unacceptably  hi gh  tailpipe  wall  temper¬ 
atures  for  the  DC-9  installation.  The  effect  of  configurational  changes 
to  alleviate  this  condition  (Mod.  5M)  is  shown  in  Figure  3.3.1-11.  Exit 
velocity  characteristics  indicate  a  similar  degree  of  mixing  and  the 
position  of  the  lobe  centers  as  achieved  with  the  Mod.  4A  design.  Also, 
a  coolant  film  of  fan  air  protects  the  outer  wall  from  the  direct  im¬ 
pingement  of  high  temperature  core  gases. 

The  profile  with  the  Mod.  5Z  mixer/727  tailpipe  in  Figure  3.3.1-12  shows 
the  apparent  increase  in  the  displacement  of  the  core  flow  with  the  fan 
stream  flow.  The  absence  of  a  tailpipe  temperature  limit  and  thus  elim¬ 
ination  of  a  cooling  film  on  the  outer  wall,  permitted  the  penetration 
of  the  higher  temperature  core  flow  to  the  outer  wall.  The  displacement 
of  fan  and  core  stream  flows  is  so  thorough  that  the  central  region  is 
dominated  by  fan  flow  while  the  outer  region  is  dominated  by  core  flew. 
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In  other  words ,  the  flow  distribution  has  been  inverted,  thereby  forming 
an  inverted  velocity  profile  —  a  characteristic  evident  only  with  the 
5Z  mixer.  Further  discussion  of  the  inverted  velocity  profile  and  the 
influence  on  acoustic  characteristics  is  presented  in  Section  3. 3. 2. 4. 


Exit  Velocity  Profile  with  the  Mod.  5M  Mixer  —  As 
evident  by  this  profile,  the  5M  configuration  was 
successful  in  optimizing  mixing  properties  while 
maintaining  acceptable  outer  wall  temperature  levels. 
Note  the  similarity  to  the  Mod  4A  profile. 


Figure  3.3.1-11 
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Figure  3.3.1-12  Exit  Velocity  Profile  with  Mod.  5Z  Mixer  —  This 

profile  is  characterized  by  an  displacement  of  fan 
and  core  -  inverted  velocity  profile. 

3.3.2  Acoustic  Characteristics 

3. 3. 2.1  Acoustic  Comparisons  with  5M  Mixer/DC-9  Tailpipe 

In  this  section,  representative  noise  reduction  trends  demonstrated  with 
the  5M  mixer  are  compared  to  a  standard  JT8D  engine  and  discussed  in 
terms  of  peak  perceived  noise  level  (PLN),  directivity  and  noise  spec¬ 
tra.  These  comparisons  show  that  the  Mod.  5M  mixer  provided  significant 
static  jet  noise  reductions  over  the  range  of  frequencies  and  angles 
necessary  to  obtain  meaningful  reductions  in  airplane  takeoff  noise. 
Noise  levels  presented  in  this  section  are  based  on  static  data. 

Estimates  of  inflight  levels  are  contained  in  Section  3. 3. 2. 3. 
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To  illustrate  the  effect  on  peak  PNL,  Figure  3. 3.2-1  shows  a  comparison 
of  peak  PNL  at  1500  feet  versus  thrust  for  both  standard  JT8D-17  engine 
and  5M  mixer  configurations  based  on  the  data  regression  procedure  out¬ 
lined  in  Section  2. 2. 2. 2.  At  the  bottom  of  the  figure,  the  reduction  in 
peak  perceived  noise  level  from  the  mixer  is  shown  as  a  function  of 
thrust.  As  indicated,  the  mixer  provided  a  reduction  in  peak  PNL  over 
the  entire  thrust  range.  The  maximum  reduction  was  2.3  PNdB  at  13,000 
pounds,  which  is  the  thrust  range  typical  of  reduced  thrust  "cutback 
operation"  used  during  takeoff.  The  minimum  reduction  was  1.4  PNdB, 
occurring  at  the  6000  pound  thrust  level. 


Figure  3. 3.2-1  Perceived  Noise  Level  Trends  —  Compared  to  a 
standard  JT8D  engine  configuration,  the  mixer 
provides  a  maximum  noise  reduction  of  2.3  PNdB, 
occurring  at  a  thrust  setting  of  13,000  pounds. 

Comparisons  of  PNL  directivity  patterns  (PNL  versus  radiation  angle,  ) 
for  the  same  test  configurations  are  shown  at  three  thrust  conditions  in 
Figure  3. 2. 2-2.  Radiation  angle  is  defined  as  the  angle  relative  to  the 
upstream  jet  axis  and  centered  at  the  tailpipe  exit  plane.  The  operating 
conditions  shown  are  a  takeoff  static  gross  thrust  rating  of  16,000 
pounds,  a  typical  cutback  thrust  level  of  12,000  pounds,  and  a  low  power 
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level  of  6000  pounds  which  is  within  the  thrust  range  used  during  land¬ 
ing  approach.  As  indicated  by  this  figure,  the  maximum  reductions  in  PNL 
from  the  mixer  occurred  in  the  mid-angle  range  for  all  thrust  levels. 
Figure  3.  3.2-3  shows  the  reduction  in  PNL  also  as  a  function  of  radia¬ 
tion  angle  tor  the  same  thrust  conditions.  The  peak  reduction  angle 
ranged  from  130  to  150  degrees,  depending  on  the  thrust  level.  At  angles 
less  than  110  degrees,  the  noise  reduction  was  less  than  1  PNdB  and 
there  was  no  distinct  trend  with  thrust  level.  However,  at  130  degrees, 
the  reduction  in  noise  increased  with  thrust,  reaching  a  maximum  value 
of  2.5  PNdB  at  16,000  pounds  thrust.  Above  135  degrees,  noise  suppres¬ 
sion  decreased  with  thrust.  The  maximum  reduction  at  any  one  angle  was 
2.7  PNdB,  occurring  at  150  degrees  and  6000  pounds  thrust. 


ANGLE  ~  DEGREES 


Perceived  Noise  Level  Directivity  Trends  —  At  all 
thrust  conditions  and  angles,  the  mixer  demonstrated 
a  reduction  in  noise. 


Figure  3. 3.2-2 


A  special  procedure  was  employed  to  compare  noise  spectra  at  equal 
thrust  values.  One-third  octave  band  data  were  processed  with  the  Pratt 
&  Whitney  Aircraft  computer  program  for  one-third  octave  band  averaging. 
The  program  provides  a  high  order  polynominal  least  squares  regression 
for  each  one-third  octave  band  sound  pressure  level  versus  a  selected 
parameter  —  in  this  case,  the  core  stream  jet  velocity  in  feet  per 
second,  expanded  to  ambient  pressure  and  corrected  to  a  77°F  day. 


Figure  3. 3.2-3  Perceived  Noise  Level  Reduction  Directivity  Trends  — 

As  indicated,  the  maximum  noise  reduction  at  any 
single  angle  is  2.7  PNdB,  occurring  at  150  degrees 
and  6000  pound  thrust. 


Figures  3. 3. 2-4  through  3. 3. 2-6  present  a  comparison  of  one-third  octave 
band  averaged  free-field  spectra  extrapolated  to  a  1500-foot  sideline 
distance  for  a  77°F  FAA  day.  In  these  figures,  spectral  data  for  both 
standard  and  mixed  configurations  are  shown  for  three  angles  at  each  of 
the  three  thrust  settings. 

Figure  3.3.2-4(a)  shows  the  spectra  at  an  angle  of  90  degrees  for  a 
thrust  level  of  16,600  pounds.  Significant  reductions  in  sound  pressure 
level  (SPL),  up  to  1.6  dB,  resulting  from  the  mixer  occur  at  frequencies 
from  200  to  2000  Hz,  with  essentially  no  reduction  at  frequencies  out¬ 
side  this  range.  The  small  noise  peak  in  the  mixer  spectra  at  400  Hz  is 
attributed  to  combustion  noise,  described  in  detail  in  FAA  report  "Com¬ 
bustion  Noise  Investigation"  (FAA  RD-77-3).  This  noise  is  not  in  the 
standard  engine  spectra  because  of  the  higher  level  of  jet  noise.  At  an 
angle  of  120  degrees  (Figure  3.3.2-4(b)),  noise  reductions  up  to  3  PNdB 
were  obtained.  However,  as  indicated  in  Figure  3.3.2-4(c),  only  a  1  PNdB 
reduction  was  attained  at  an  angle  of  140  degrees. 
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ONE- THIRD  OCTAVE  BAND  CENTER  FREQ  ~  H2 

Figure  3.3. 2-4  Noise  Spectra  Trends  at  Takeoff  Thrust  Setting  — 

This  series  of  curves  shows  that  the  most  significant 
reductions  in  sound  pressure  level  resulting  from  the 
mixer  occur  at  frequencies  from  200  to  2000  Hz. 
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Figure  3. 3. 2-5 


ONE  THIRD  BAND  CENTER  FREO  ~  Hz 

Noise  Spectra  Trends  at  Cutback  Thrust  Setting 
Noise  reduction  trends  are  similar  to  results  at 
takeoff  power. 
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SOUND  PRESSURE  LEVEL 


Figure  3.  3.  2-6  shows  spe:tra  at  cue  uOOO-pound  thrust  level.  Results  at 
a  90-degree  angle  show  the  noise  peak  occurring  at  400  Hz  in  the  mixer 
spectra  i3  more  proomar.t  than  .it  either  of  the  higher  thrust  levels. 
Also,  the  400  Hz  noise  i  a  apparent  in  the  standard  JT8D  engine  spectra, 
a  result  not  evident  at  higher  thrust  levels.  Moreover,  as  indicated  in 
Figure  3.3.2-6(b),  the  400  Hz  noise  is  present  in  both  spectra  at  120 
degrees.  These  results,  in  terms  of  frequency  and  level,  are  consistent 
with  core  combustion  noise  predictions  published  in  the  af ormentioned 
FAA  report  (RD-17-3)  for  the  JT8D  engine.  In  the  standard  engine  config¬ 
uration,  core  noise  is  present  at  low  thrust,  levels  because  jet  noise 
diminishes  at  a  faster  rate  with  decreasing  thrust.  The  core  noise  is 
evident  in  the  spectra  at  all  thrust  settings  with  the  mixer  since  the 
mixer  produces  significant  reductions  only  in  the  jet  noise  component. 

A  comparison  of  noise  spectra  at  90  and  120-degree  angles  in  Figure 
3.3. 2-6  indicates  that  reductions  in  iet  noise  were  achieved  at  freq¬ 
uencies  up  to  approximately  1600  Hz.  However,  above  1600  Hz,  the  mixer 
produces  SFL  levels  up  to  1  PNub  hi.$ier  the:-.  .  standard  JT8D.  This  is 
believed  to  be  the  influence  of  fan- generated  noise,  which  would  be 
expected  to  increase  with  the  mixer  installed  because  of  a  small  in¬ 
crease  in  low-pressure  rotor  spied  at  low  thrust  settings.  At  an  angle 
of  140  degrees,  as  shown  in  Figure  3.  3.2-6(c),  a  significant  reduction 
in  noise  at  most  frequencies  was  demonstrated  with  the  mixer. 

3.  3.  2.  2  Inflight  Noise  Estimates  --  Mod.  fM  Mixer/DC-9  Tailpipe 

Noise  data  obtained  from  the  static  tests  were  used  to  estimate  effec¬ 
tive  perceived  noise  levels  (-PNL'1  reductions  for  a  mixer-equipped 
engine  relative  to  a  standard  JT0T>  engine  when  both  are  operating  under 
forward  flight  conditions  at  equal  thrust  levels.  For  these  estimates, 
airplane  altitude  and  airspeed  were  defined  at  1600  feet  and  300  feet 
per  second,  respectively,  which  are  typical  operating  conditions  for 
JT8D-powered  aircraft.  Since  the  static  data  used  in  the  inflight  esti¬ 
mates  were  measured  by  ground  plane  microphones,  the  EPNL  estimates  have 
been  made  for  ground  plane  measurements.  It  was  assumed  that  noise  from 
the  engine  exhaust  was  not  contaminated  by  other  noise  sources  such  as 
the  fan.  Possible  effects  on  noise  propagation  from  aircraft  shielding 
were  not  considered  and  extra  ground  attenuation  was  ignored. 

The  analytical  procedure  employed  to  establish  the  estimates  consisted 
of  the  following: 

(1)  Static  no’  se  leva's  from  each  cortf  igur  ati  or  measured  by  the 
ground  plane  mi  ere  phone  (90  to  153  degrees)  were  extrapo¬ 
lated  to  an  altitude  of  1500  feet.  Perceived  noise  levels 
at  angles  forward  of  90  degrees  were  established  by  assum¬ 
ing  that  the  ground  microphone  perceived  noise  level  versus 
angle  shapes  for  angles  less  chan  90  degrees  were  the  same 
as  those  measured  by  t  he  pole  microphones  . 

(2)  The  static  PNL  at  each  angle  was  corrected  to  provide 
flight  PNLs  by  accounting  for  the  effect  of  airplane 


forward  speed  the  procedure  described  in  NASA  TM  79155  (An 
Improved  Method  for  Predicting  the  Effects  of  Flight  on  Jet 
Mixing  Noise:  J.  R.  Stone;  Tune  1979). 

(3)  Flyover  time  histories  (flight  PNL  versus  time)  were  plot¬ 
ted  by  assuming  a  level  flyover  at  an  altitude  of  1500  feet 
and  an  airplane  speed  of  300  feet  per  second. 

(4)  Effective  perceived  noise  levels  were  calculated  by  inter¬ 
polating  the  PNL  time  history  plots  at  0.5-second  inter¬ 
vals,  and  using  the  formula  below  over  a  duration  corres¬ 
ponding  to  that  specified  by  the  10  dB  down  point. 

EPNL  =  -13  +  10  log  [10  Exp  (PNL/10)] 

The  estimated  inflight  perceived  noise  level  time  histories  for  a  stand¬ 
ard  JT8D  engine  and  an  engine  incorporating  a  Mod.  5M  mixer  are  presen¬ 
ted  in  Figure  3. 3. 2-7  for  the  static  gross  thrusts  of  16,000  and  12,000 
pounds,  which  correspond  to  the  engine  power  setting  at  maximum  and  cut¬ 
back  thrusts,  respectively.  The  reduction  in  EPNL  produced  by  the  mixer 
at  the  16,000  pound  thrust  power  setting  was  calculated  at  2.7  dB.  This 
estimate  is  greater  than  the  reduction  in  peak  static  PNL  by  0.7  dB.  The 
estimated  reduction  in  EPNL  at  the  12, 000-pound  thrust  level  is  2.4  dB, 
which  is  0.1  dB  greater  that  the  peak  static  PNL  reduction. 


TIME  ~  SEC 

Figure  3. 3. 2-7  Estimated  Inflight  PNL  Time  Histories  for  Takeoff  and 
Cutback  Thrust  Settings  —  Estimates  of  inflight 
EPNL  noise  reduction  are  higher  than  measured  static 
peak  PNL  reduction. 


It  would  be  also  desirable  Co  estimate  the  inflight  noise  reduction  with 
the  mixer  during  the  landing  approach  condition.  However,  actual  approa¬ 
ch  flyovers  of  airplanes  powered  by  JT8D  engines  clearly  show  that  fan¬ 
generated  noise  dominates  the  overall  noise  signature  at  this  low  thrust 
condition,  as  illustrated  by  the  noise  spectrum  in  Figure  3. 3. 2-8.  This 
spectrum,  occurring  at  the  angle  of  peak  PNL  (between  70  and  80  degrees) 
during  the  approach  flyover  of  a  JT8D-powered  DC-9  airplane,  contains  a 
large  amplitude  discrete  tone  at  3300  Hz  generated  by  the  fan.  The 
static  data  measured  during  this  program  does  not  show  the  presence  of 
this  tone  since  the  use  of  an  inlet  suppression  tube  eliminated  the 
inlet-radiated  noise.  Thus,  although  the  mixer  produced  significant  re¬ 
ductions  in  jet  noise  at  low  thrust  levels,  as  discussed  earlier,  the 
dominance  of  fan  noise  precludes  estimating  mixer  noise  reductions  at 
this  operating  condition. 


FREQUENCY  Hz 

Figure  3. 3.2-8  Inflight  Noise  Spectrum  at  Time  of  Peak  PNL  for  JT8D 
Engines  —  Fan-generated  noise  dominates  the  noise 
signature  at  this  low  power  setting. 
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3. 3. 2. 3  Acoustic  Comparisons  with  5Z  Mixer/727  Tailpipe 

Static  acoustic  test  results  acquired  with  the  5Z  mixer  and  727  tailpipe 
are  discussed  in  terms  of  peak  perceived  noise  level  (PNL),  directivity 
and  noise  spectra.  These  results  demonstrate  that  the  variations  in  mix¬ 
er  geometry  produced  significant  differences  in  noise  reductions  compar¬ 
ed  to  the  Mod.  5M/DC-9  configuration.  Estimates  of  inflight  levels  are 
contained  in  Section  3. 3. 2. A. 

Figure  3. 3.2-9  shows  a  comparison  of  peak  PNL  at  1500  feet  versus  thrust 
for  both  standard  exhaust  and  5Z  mixer  configurations  based  on  the  data 
regression  procedure  outlined  in  Section  2. 2. 2. 2.  Noise  characteristics 
of  a  standard  JT8D  engine  were  essentially  the  same  with  the  727  tail¬ 
pipe  as  the  DC-9  tailpipe,  indicating  that  a  change  in  tailpipe  had  a 
negligible  effect  on  peak  perceived  noise  level.  However,  in  comparison 
to  the  Mod.  5M  mixer,  the  5Z/727  configuration  produced  substantially 
lower  values  of  peak  PNL  at  thrusts  above  10,000  pounds.  The  reduction 
in  peak  PNL  was  4.7  PNdB  at  16,000  pounds  thrust,  which  is  2.7  PNdB 
greater  than  that  exhibited  with  the  5M  mixer.  At  a  thrust  of  12,000 
pounds,  the  peak  noise  reduction  was  3.0  PNdB,  compared  to  2.3  with  the 
5M  mixer. 


104-  •  •  •  ■  .  —r. 


80fj  7  8  9  10  11  12  13  14  15  16  17° 

THRUST  "  1000  LBS 


Figure  3. 3. 2-9  Perceived  Noise  Level  Trends  —  The  demonstrated 
noise  reduction  at  high  power  settings  is  4.7  PNdB 
with  the  5Z  mixer. 
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Comparisons  of  PNL  directivity  patterns  are  shown  in  Figure  3.3.2-10  at 
both  16,000  and  12,000  pounds  thrust.  In  comparing  these  results  with 
data  acquired  with  the  Mod.  5M  mixer  in  Figure  3. 3. 2-2,  it  is  apparent 
Chat  the  5Z  configuration  produced  significantly  greater  noise  reduc¬ 
tions  at  angles  beyond  110  degrees.  It  is  also  noted  that  the  direc¬ 
tivity  pattern  of  a  standard  JT8D  engine  with  either  a  DC-9  or  727  tail¬ 
pipe  is  quite  similar,  except  at  a  155-degree  angle  where  noise  levels 
with  the  727  tailpipe  are  higher.  This  indicates  that  differences  in 
tailpipe  geometry  had  a  negligible  effect  on  noise  directivity. 


Figure  3.3.2-10  Perceived  Noise  Level  Directivity  Trends  —  At  all 
thrust  conditions  and  angles,  especially  beyond  an 
angle  of  110  degrees,  the  5Z  mixer  demonstrated  a 
reduction  in  noise. 

Noise  spectra  data  are  presented  by  the  series  of  curves  in  Figure 
3.3.2-11.  In  comparison  spectra  data  with  the  Mod.  5M  mixer,  the  5Z 
mixer  again  produced  more  suppression  over  most  of  the  frequency  range. 
For  example,  at  140  degrees  and  at  16,000  pound  thrust,  the  5M  config¬ 
uration  reduced  the  peak,  sound  pressure  level  by  I  PNdB,  in  contrast  to 
the  reduction  of  4  PNdB  demonstrated  by  the  5Z  mixer. 
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Noise  Spectra  Trends  at  Takeoff  Thrust  Setting  — 
These  results  show  the  most  significant  noise 
reductions  in  sound  pressure  level  with  the  mixer 
occur  at  frequencies  from  125  to  2000  Hz. 
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Figure  3.3.2-11 


The  data  in  Figure  3.3.2-12  quantify  the  differences  in  sound  pressure 
level  versus  frequency  at  a  thrust  of  16,000  pounds.  In  this  figure,  the 
differential  sound  pressure  levels  of  each  of  the  two  mixers  are  shown 
in  relation  to  a  standard  engine.  At  each  of  the  three  angles  presented, 
the  5Z  mixer/727  configuration  produced  greater  noise  reductions  at 
frequencies  bel  cn  2000  Hz  than  the  5M/DC-9  configuration. 


FREQUENCY  -  Hz 


Figure  3. 3.2—12  Sound  Pressure  Level  Reduction  —  The  superior 

noise  reduction  capability  of  the  5Z  mixer  is  clearly 
indicated  --  this  capability  can  be  related  to  dif¬ 
ferences  in  tailpipe  exit  velocity  profiles  developed 
by  each  mixer  configuration. 

The  differences  in  noise  reduction  capability  between  the  5Z  and  5M  mix¬ 
ers  can  be  related  to  Che  differences  in  tailpipe  exit  velocity  profiles 
developed  by  each  mixer  configuration.  Figures  3.3.2-13  and  3.3.2-14 
show  the  exit  velocity  characteristics  with  the  5M  and  5Z  mixers,  re¬ 
spectively.  Each  profile  is  distinguished  by  lines  of  constant  velocity 
( iso-velocity  contours),  the  values  of  which  are  indicated  on  each  iso- 
velocity  line.  In  examining  these  profiles,  there  are  several  major  dif¬ 
ferences.  First,  Che  5M/DC-9  configuration  shows  very  high  velocities, 
in  excess  of  1750  ft/sec,  in  the  central  region,  while  this  same  region 
in  the  5Z/727  configuration  exhibits  low  velocity  levels  —  on  the  order 
of  le83  than  1400  ft/sec.  Secondly,  maximum  velocities  (greater  than 
1800  ft/sec)  with  the  5Z/727  tailpipe  were  located  at  the  outer  edge  of 
the  bottom  tailpipe  cross  section,  while  in  the  other  the  maximum  velo¬ 
cities  were  located  at  about  80  percent  of  the  radius  with  slightly 
lower  values. 


Figure  3.3.2-13  Exit  Velocity  Profile  with  5M/DC-9  Configuration  — 
The  central  region  exhibits  higher  velocity  levels 
compared  to  the  5Z/727  conf  iguration . 


Figure  3.3.2-14  Exit  Velocity  Profile  with  5Z/727  Configuration  — 
The  central  region  of  this  profile  is  dominated  by 
lower  velocity  fan  stream  flow  and  the  outer  region 
is  dominated  by  the  higher  velocity  core  flow. 
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Figure  3.3.2-15  further  illustrates  the  differences  in  these  profiles. 

In  this  figure,  the  velocity  along  a  radial  line  at  approximately  190 
degrees  clockwise  from  the  top  of  the  engine  is  shown  as  a  function  of 
radial  location.  The  5M  profile,  although  reasonably  well  mixed  in  this 
region,  contains  higher  than  average  velocities  in  the  central  and  80 
percent  span  regions.  In  contrasc,  the  5Z  profile  has  an  inverted  char¬ 
acteristic  —  the  lower  temperature  fan  flow  is  dominant  in  the  central 
region  while  the  higher  velocity,  higher  temperature  core  flow  dominates 
the  outer  radial  region.  The  inverted  nature  of  this  flow  is  believed 
responsible  for  the  appreciable  noise  reduction  by  the  5Z  mixer. 


Figure  3.3.2-15  Velocity  as  a  Function  of  Radial  Location  —  The 

inverted  velocity  characteristics  produced  by  the  5Z 
mixer,  compared  to  the  5M  configuration,  is  apparent 
by  the  data. 

3. 3. 2.4  Inflight  Noise  Estimates  —  Mod.  5Z  Mixer/727  Tailpipe 

The  same  procedure  described  in  Section  3. 3. 2. 2  was  also  employed  to 
estimate  the  inflight  noise  reduction  characteristics.  In  using  this 
procedure,  estimated  flight  PNL  time  history  curves  were  determined  for 
both  a  standard  engine  and  with  the  5Z  mixer  at  static  thrusts  of  16,000 
and  12,000  pounds.  The  estimates  of  noise  reduction  are  presented  in 
Figure  3.3.2-16. 
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Figure  3.3.2-16  Estimated  Inflight  PNL  Time  Histories  —  The 

estimated  noise  suppression  levels  with  the  5Z  mixer 
are  significant  at  both  thrust  settings  relative  to  a 
standard  JT8D  engine. 

The  reduction  in  EPNL  produced  by  the  5Z  mixer  relative  to  a  standard 
engine  at  16,000  pounds  thrust  was  estimated  at  4.3  EPNdB.  This  value  is 
1.6  EPNdB  greater  than  the  2.7  EPNdB  estimated  for  the  5M/DC-9  config¬ 
uration.  However,  although  the  differential  EPNL  reduction  for  the 
5M/DC-9  configuration  was  0.7  dB  greater  than  the  static  differential 
peak  PNL,  the  differential  reduction  for  the  5Z/727  configuration  was 
less  than  the  static  differential  peak  PNL  by  0.4  dB. 

Table  3. 3.2-1  summarizes  the  static  peak  PNL  reduction  as  well  as  the 
estimated  in-flight  EPNL  reduction  for  the  5M/DC9  and  the  5Z/727 
configurations  relative  to  their  respective  baselines  at  three  gross 
thrust  levels:  16,000  and  14,500  pounds,  JT8D-17  and  -9  full  takeoff 
power,  respectively;  and  12,000  pounds,  a  typical  value  of  takeoff 
cutback  thrust.  The  table  shows  that  the  large  reduction  in  peak  PNL  at 
static  full  power  takeoff  conditions  is  somewhat  reduced  in  terms  of 
EPNL  reduction  under  flight  conditions. 

The  explanation  for  the  dissimilarity  in  sta tic- to- f 1 ight  effectiveness 
of  the  two  mixer  configurations  is  related  to  the  large  differences  in 
the  static  PNL  directivity  patterns  and  the  result  of  applying  the  jet 
effects  corrections  to  these  directivity  patterns  to  arrive  at  inflight 
PNL  time  histories.  Static  and  flight  PNL  characteristics  at  16,000 
pounds  thrust  for  both  mixers  are  shown  in  Figure  3.3.2-17.  The  static 
data  in  this  figure  show  that  the  differences  in  peak  PNL  is  2.5  PNdB 
between  the  two  mixer  configurations.  In  flight,  however,  the  difference 
is  predicted  to  be  0.5  PNdB. 
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TABLE  3. 3.2-1 

STATIC  AND  SIMULATED  LEVEL  FLYOVER  NOISE  REDUCTIONS 
-  1500  FT.  ALTITUDE- 


Mixer  5M 
(Flat  Profile) 


Static  Test  Results 
(peak  PNL  Reduction) 

D-17  Takeoff  Thrust  (16,000  lb.)  2.0 
D-9  Takeoff  Thrust  (14,500  lb.)  2.2 
Takeoff  Cutback  (12,000  lb.)  2.3 

Analytical  Flyover  Predictions 
(EPNL  Reduction) 

D-17  Takeoff  Thrust  2.7 
D-9  Takeoff  Thrust  2.6 
Takeoff  Cutback  2.4 


Mixer 

(Inverted  Profile) 


4.7 

4.5 

3.0 


4.3 

4.2 

3.2 


Figure  3.3.2-17  Static  and  Estimated  Inflight  PNL  Versus  Noise  Radiation 
Angle  —  Static  results  indicate  a  difference  in  peak 
PNL  of  2.7  PNdB  with  the  two  mixer  configurations,  while 
the  inflight  difference  is  predicted  to  be  0.5  PNdB. 
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This  change  in  noise  char  act  eri  s  c  i  cs  from  static  to  flight  resulted  because 
the  application  of  flight  effects  reduced  the  peak  PNL  of  the  5M  mixer  more 
than  the  5Z.  This  results  because  (1)  the  flight  correction  increases  with 
increasing  angle  (up  to  angles  of  about  ISO  degrees),  which  is  beyond  the 
peak  in  the  static  PNL  directivity  pattern  of  both  mixers  and  (2)  the  5M 
mixer  had  more  of  a  pronounced  peak  securing  at  approximately  140  degrees 
in  comparison  to  the  5Z  configuration  which  had  a  relatively  flat  directiv¬ 
ity  pattern.  Since  the  peak  PNL  in  flight  is  the  dominant  factor  in  the 
determination  of  EPNL,  the  differencial  EPNL  reflect  the  peak  inflight  PNL 
differences . 

At  a  thrust  of  12,000  pounds,  it  was  estimated  that  the  5Z  mixer  reduced 
the  EPNL  by  3.2  PNdB  in  relation  to  a  standard  engine,  compared  to  a 
reduction  of  2.4  PNdB  estimated  with  the  5M  mixer. 

The  estimates  for  the  5M  and  5Z  configurations  must  be  viewed  with  a 
certain  degree  of  caution  since  the  a tati c- to- fl ight  corrections  for  the 
mixers  were  assumed  to  be  a  function  only  cf  jet  velocity  and  air  speed. 
Exit  velocity  profile  shape  differences  are  not  accounted  for  in  the  flight 
correction  procedure.  In  addition,  although  a  limited  amount  of  data  on 
fully  inverted  velocity  profiles  were  obtained  in  simulated  flight  testing 
in  wind  tunnels,  there  are  no  data  available  for  the  partially  inverted 
profile  characteristic  of  the  5Z/72'’  configuration. 

3. 3. 2. 5  Jet  Crackle  Observations 

The  introduction  of  the  increased  thrust  JT8D-15  and  -17  models  also 
introduced  an  aspect  of  jet  noise  not  easily  discernable  on  earlier  lower 
thrust  versions  of  the  engine.  This  noise  called  "crackle"  is  characterized 
by  a  rapid  and  irregular  series  cf  cracks  and  bangs. 

The  presence  of  crackle  has  been  noticed  preivously  on  high  jet  velocity 
turbojets,  and  a  thorough  study  on  tne  subject  can  be  found  in:  J.E.  Ffowcs 
Williams  et .  al  .  "'Crackle':  An  Annoying  Component  of  Jet  Noise",  J.  Fluid 
Mechanics  (1975)  Volume  71,  Part  2,  Pages  251-271. 

Although  audibly  important  in  high  velocity  jets,  crackle  does  not 
influence  the  spectral  character  of  jet  noise  and  its  presence  can  only  be 
discerned  by  ear. 

During  the  testing  of  the  JT8D  engines  at  jet  velocities  equal  to  the  net 
in-flight  jet  velocity  of  tne  JT8D-17  engine,  a  significant  decrease  in  the 
crackle  was  observed  when  the  mixers  were  installed. 

Thus,  in  addition  to  the  sizable  reductions  in  measured  jet  mixing  noise 
from  the  mixer  in  terms  of  the  perceived  noise  level  and  spectra,  an 
additional  benefit  was  obtained  by  the  significant  reduction  in  crackle. 

3.3.3  Fuel  Consumption  Characteristics 

In  comparison  to  a  standard  JT8D-17  engine,  testing  with  the  Mod.  5M/JC-9 
tailpipe  mixer  resulted  in  a  0.3  percent  improvement  in  thrust  specific 
fuel  consumption  (TSFC).  Figure  3.3. 3—  1  3hows  a  comparison  of  engine  fuel 


constxnption  characteristics  throughout  the  operating  range.  As  indicated, 
fuel  consumption  with  the  mixer  is  higher  at  lower  power  settings  than  a 
standard  engine  configuration.  At  takeoff  power,  however,  there  is  a  0.3 
percent  improvement  between  a  mixer  and  a  standard  engine. 


Figure  3,  3.  3-1  Comparative  Fuel  Consumption  Characteristics  —  At  sea 
level  static  takeoff  thrust,  the  presence  of  the  5M 
mixer  produces  a  negligible  affect  on  fuel  cons  unpt  ion. 

Test  results  with  the  Hod.  57  mixer/727  tailpipe  configuration  show  a  TSFC 
penalty  of  1.3  percent  at  sea  level  static  takeoff  thrust  with  no  change  in 
exhaust  gas  temperature.  Figure  3. 3.  3-2  shows  the  fuel  consumption  charac¬ 
teristics  with  the  Mod.  5Z  mixer  compared  to  a  standard  engine  configura¬ 
tion.  Typically,  fuel  consumption  levels  with  the  mixer  are  higher 
throughout  the  operating  range. 

The  comparison  of  other  measured  engine  parameters  such  as  thrust,  pressure 
ratios  and  rotor  speeds  showed  that  changes  in  these  operating  parameters 
relative  to  a  standard  JT8D  engine  imparted  a  negligible  fan  to  primary 
area  ratio  change.  Consequently,  the  penalty  associated  with  the  mixer  is 
probably  attributable  to  an  increase  in  pressure  loss  resulting  from  che 
hot  gases  scrubbing  on  the  internal  surface  of  the  tailpipe.  Results 
acquired  in  other  acoustic  and  performance  testing  support  the  high  fuel 
consumption  levels  with  the  Mod.  57.  mixer/727  tailpipe  configuration. 
However,  because  of  a  problem  with  the  test  facility,  it  was  not  possible 
to  confirm  the  magnitude  of  increase. 

Predictions  of  altitude  performance  with  both  mixer  configurations  were 
made  using  trade  factors  generated  for  computer  simulation  of  related 
mixers  in  which  test  data  were  available.  The  flight  conditions  consis- 
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ted  of  an  altitude  of  30,000  feet  and  a  flight  Mach  number  of  0.8.  Com¬ 
parative  predicted  fuel  consumption  trends  of  the  5M  and  5Z  mixers  are 
presented  in  Figure  3. 3. 3-3. 


Figure  3. 3. 3-2  Comparative  Fuel  Consumption  Characteristics  — 

Incorporation  of  the  5Z  mixer  configuration  results 
in  a  fuel  consumption  penalty  of  1.3  percent  at  sea 
level  static  takeoff  thrust. 

As  shown,  altitude  performance  predictions  for  the  5M  mixer  indicate  a 
0.75  percent  improvement  in  fuel  consumption  at  the  maximum  cruise  con¬ 
dition,  but  a  0.2  percent  penalty  at  80  percent  of  the  maximum  cruise 
condition.  With  the  5Z  configuration,  fuel  consumption  increases  are 
predicted  at  both  the  maximum  cruise  condition  (0.2  percent)  and  80 
percent  of  maximum  cruise  (0.8  percent).  These  results  are  based  on  the 
fact  that  the  pressure  loss  at  altitude  is  reduced  at  high  nozzle  expan¬ 
sion  ratios,  while  mixing  gains  are  essentially  the  same  relative  to  sea 
level  static  operation. 

3.3.4  STRUCTURAL  INTEGRITY 

Testing  was  successful  in  substantiating  the  structural  integrity  of  the 
mixer  component  as  well  as  verifying  that  the  mixer  does  not  impart  any 
adverse  effects  on  the  interactive  behavior  of  other  engine  components. 
Steady  stress  levels  measured  on  the  mixer  were  below  the  defined  limit 
for  an  acceptable  low  cycle  fatigue  life.  The  combination  of  measured 
vibratory  stress  levels  of  +  5000  psi  or  less  and  measured  steady  stress 
levels  falls  within  the  allowable  high  frequency  fatigue  limits. 


30,000  f  r  altitude 


THRUST,  LBS 


* 

Figure  3.  3.  3-3  Predicted  Fuel  Consumption  Characteristics  at  Alti¬ 
tude  —  The  5M  mixer  improves  fuel  cons  unption  at  the 
maximvjn  cruise  condition,  while  the  5Z  configuration 
shows  fin  estimated  performance  deficit. 

Surface  metal  temperatures  were  also  within  limits  established  for  this 
type  of  construction,  materials  and  service  expectations.  Post  test 
visual  inspections  of  the  different  mixer  configurations  throughout  the 
test  program  showed  no  evidence  of  cracking  or  other  indications  of 
thermal  distress  such  as  lobe  distortion  or  buckling.  On  the  basis  of 
these  results  and  observations,  it  is  con-  eluded  that  the  mixer  has  the 
structural  capability  to  meet  requi rements  for  flight  test. 

The  presence  of  the  mixer  did  not  impart  any  adverse  effects  on  the 
stress  levels  of  other  engine  components,  although  tailpipe  wall  tem¬ 
perature  levels  with  the  DC-9  installation  presented  an  unique  sit¬ 
uation.  Comparative  strain  gage  measurement,  both  with  and  without  the 
mixer,  showed  essentially  no  differences  in  fan  and  low-pressure  turbine 
vibratory  stress  characteristics,  verifying  that  the  presence  of  the 
mixer  produces  no  aerodynamic  excitations  to  upstream  components. 
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Tailpipe  wall  temperature  levels  in  the  DC-9  application  were  a  par¬ 
ticular  concern  because  of  the  potential  reduction  in  the  durability  of 
the  acoustic  material  lining  the  tailpipe  when  temperatures  exceeded 
approximately  500°F.  To  monitor  temperatures  behind  the  centerline  of 
the  mixer  lobes  and  valleys,  thermocouples  were  installed  at  the  trail¬ 
ing  edge  of  the  honeycomb- pref orated  sheet  panels  lining  the  tailpipe. 
Since  the  cant  of  the  tailpipe  was  not  considered  in  the  placement  of 
the  thermocouples,  the  locations  of  actual  peak  temperatures,  as 
determined  by  metal  discoloration,  were  slightly  displaced  from  the 
expected  locations. 

Figure  3. 3.4-1  presents  a  circumferential  profile  of  tailpipe  wall  tem¬ 
peratures  of  standard  JT8D  engine  and  with  the  incorporation  of  several 
different  mixer  configurations.  Profile  shapes  for  the  circumferential 
temperature  graident  were  based  on  measured  temperatures  and  the  loca¬ 
tions  of  the  discolored  regions  of  the  tailpipe  wall.  Data  were  acquired 
at  takeoff  conditions  and  all  temperatures  were  corrected  to  standard 
day  conditions. 


Figure  3.  3.4-1  Circumferential  Profile  of  Tailpipe  Temperatures 

As  shown,  the  maximum  tailpipe  wall  temperatures  with 
the  Mod.  5M  mixer  are  maintained  within  acceptable 
1  e  vel 8  . 
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As  shown  in  Figure  3.  3.4-1,  tailpipe  temperatures  with  the  standard 
engine  configuration  were  essentially  at  the  fan  stream  temperature 
level,  except  for  an  approximate  40-degree  segment  between  the  160  to 
200-degree  circumferential  position.  The  elevated  temperature  level  in 
this  area  is  believed  related  to  the  upward  cant  of  the  tailpipe  which 
allows  core  gases  to  penetrate  through  the  lower  temperature  fan  stream 
air,  thus  heating  the  tailpipe. 

The  peak  temperature  measured  with  the  Mod.4A  conf iguraition  was  495°F 
and  occurred  behind  one  of  the  bottom  mixer  lobes.  Mixer  lobe  deflec¬ 
tions  associated  with  the  the  basic  Mod.  5  configuration,  which  incor¬ 
porated  a  different  retension  scheme,  resulted  in  a  higher  peak  tempera¬ 
ture  of  745°F  —  a  level  well  above  the  defined  limit.  The  configur¬ 

ational  changes  made  to  the  Mod.  5M  design  were  successful  in  reducing 
the  peak  temperature  to  an  acceptable  level. 


SECTION  4.0 


CONCLUSIONS  AND  CONCLUDING  REMARKS 


4.1  CONCLUSIONS 

The  overall  conclusion  derived  from  this  program  is  that  noise  reduction 
benefits  associated  with  internal  exhaust  mixing  technology  have  been 
substantiated  by  full  scale  engine  tests.  Specific  conlcusions  with 
respect  to  the  aero/acoustic  performance  of  the  different  mixer  config¬ 
urations  are  presented  below. 

o  On  Che  basis  of  static  engine  performance  and  acoustic  tests 
with  the  Mod.  5M  mixer/DC-9  configuration,  the  following  con¬ 
clusions  have  been  made: 

(1)  The  Mod.  5M  configuration  is  a  viable  design  for  the  DC-9 
installation . 

(2)  An  appreciable  reduction  in  static  jet  noise  has  been 
demonstrated  (over  2  PNdB  at  takeoff  power)  throughout 
the  operating  range  with  no  serious  compromises  in  engine 
performance.  Predictions  of  inflight  noise  levels  indi¬ 
cate  that  reductions  in  EPNL  will  be  larger  than  the 
reductions  in  static  peak  PNL. 

(3)  The  design  meets  the  installation  requirements  and  wall 
temperature  Limits  unique  to  the  DC-9  tailpipe.  Also, 
major  modifications  are  not  necessary  to  install  the 

mi xer . 

(4)  The  structural  integrity  of  the  mixer  has  been  demon¬ 
strated  . 

o  Conclusions  made  for  the  Mod.  5Z/727  configuration  include  the 
following: 

(1)  The  Mod.  5Z  mixer  represents  a  preliminary  design 
configuration  for  the  727  installation. 

(2)  A  reduction  in  jet  noise  of  4.7  PNdB  at  takeoff  power  has 
been  attained.  However,  the  presence  of  the  mixer 
produces  undesirable  performance  effects,  indicating  that 
compromises  are  necessary  between  acoustic  and  aero- 
thermodynamic  performance.  Predictions  of  inflight  noise 
levels,  like  with  the  Mod.  5M  configuration,  show 
reductions  in  EPNL  will  be  larger  than  the  reductions  in 
static  peak  PNL. 
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(3)  The  design  meets  the  installation  requirements,  although 
operation  in  the  thrust  reverse  mode  has  not  been  demon¬ 
strated  . 

(4)  The  structural  integrity  of  the  mixer  has  been  demon¬ 
strated  . 


4.2  CONCLUDING  REMARKS 

The  emphasis  on  jet  noise  reduction  has  presented  new  demands  for  the 
next  generation  of  gas  turbine  engines  and  technical  challenges  for 
current  aircraft  engines.  In  dealing  with  current  service  engines,  the 
challenge  of  suppressing  exhaust  noise  is  complicated  by  the  effects 
imposed  on  performance,  system  weight  and  life  cycle  cost. 

The  results  acquired  from  this  program  have  demonstrated  the  feasibility 
of  internal  exhaust  mixing  for  current  JT8D-powered  aircraft.  In 
addition,  this  work  has  identified  areas  where  additional  refinement  or 
development  is  necessary.  Such  areas  should  be  thoroughly  investigated 
as  part  of  a  similar  experimental  engine  test  program.  Mixer  config¬ 
urations  considered  suitable  for  introduction  into  service  should  be 
flight  tested  to  verify  structural  and  environmental  performance  under 
flight  conditions. 

This  program  has  made  a  substantial  contribution  in  furthering  the  tech¬ 
nology  readiness  of  exhaust  mixing.  As  a  result,  it  will  be  possible  to 
capitalize  on  the  benefits  that  this  technology  offers  within  the  near 
future . 
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APPENDIX  A 

TABULATED  ACOUSTIC  DATA 

i 


O  0  ry  <— 
o  in  o  vi 


S5> 
*-  +• 
>  v/l  K-  4* 

a.  <  u\  o  o 
IOuujO 
Ui  06  06  -i 
hiLa^ui 

o  o  > 

h-  * 
UiUJlQO 
-J  X  a 6  Z  Z 

2  M  <  M 


X 

44 

K 

a c 

M 

a 

4 

z 

K- 

1/3 

O 

3 

b- 

Z 

ar 

C 

•4 

UJ 

■4 

O 

a.  a 

06 

O 

0 

0 

»r  r- 

u. 

•  • 

43  * 

1 

O 

O  © 

ry  4 

in 

t*\  k 

©  0 

X 

> 

c 

a j 

on 

a 

it  it 

it  il 

z 

Ui 

*-• 

Ui 

0 

06 

o 

-J 

o 

o 

a 

Ui 

• 

in 

o 

s. 

C 

z 

03 

UJ 

►— 

X 

X 

UJ 

UJ 

X  a. 

Ui 

~J 

H* 

uu 

a-  06 

06 

c 

06 

06 

06 

z 

•4 

3 

O 

a 

< 

-i 

> 

Q  Ui 

u 

a 

-4 

u/  ►- 

01 

06  *- 

>  o 

>• 

UJ  C 

06  ULI 

< 

IL 

a.  «- 

Ui  06 

c 

aj 

X  X 

</)  06 

K 

ua  3 

©  O 

Ui 

►-  X 

3  O 

u 

r* 

z 

Ui 

I 

06 

c 

Ui 

a) 

u. 

M 

-> 

06 

r' 

© 

r* 

a 

•-* 

►- 

O 

06 

•4 

r 

a 

f*  ry  •  4*  0 

-4 

4 

*  *"i  c  m  v. 

< 

^  1  -o 

U. 

C,  O  O  X  IN* 

3  X 
3  D  -J 
X  2  ui 
> 

U  Ui  'JJ 

Z  2  -i  O 

—  —  Z  u. 

■JO  -»<*“ 

z  e  <  h  < 

il  i'U  VI  Q 


fr 

© 

-O 

^4 

IT 

O  f- 

in 

0 

0 

9 

7 

© 

ry 

ry 

e 

9 

0 

m 

c 

in 

o  m  m 

44 

-t 

o 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

4 

• 

• 

ry 

• 

m  r- 

©  O' 

•/ 

*4 

© 

CD  © 

0 

•J- 

ry 

o 

O 

0  m 

ry  ro 

•4 

m 

0 

0 

a 

0 

o 

o 

o 

o 

O 

o 

o 

o  o 

O  0 

o 

O' 

o 

o 

o 

o 

© 

© 

© 

© 

© 

© 

© 

© 

*4 

f 4 

44  o 

-/ 

-4 

«-4 

4* 

•4 

4 

•4 

^4 

44 

44 

44 

a. 

— J 

c 

JNi 

rsi  in 

lf\ 

«r 

m 

>1-  © 

o 

O' 

4* 

o 

0  ry 

0 

0 

o 

•t 

0 

o 

in 

0 

© 

© 

0 

o 

tn  2 

a 

• 

• 

• 

• 

• 

• 

• 

•  • 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

6 

• 

• 

• 

• 

• 

ry 

• 

< 

4 

4) 

CO 

o 

CD 

CD 

c 

ry  o 

©  f- 

0 

4 

ry 

4* 

O' 

© 

r- 

0 

m 

0 

»n 

0 

o  o 

0 

o 

X 

O 

O 

o 

o 

C 

o 

o 

o 

O  O 

o 

o 

o  o 

O 

o 

© 

© 

© 

CD 

© 

© 

© 

44 

ry  fy 

c 

O 

44 

*4 

*4 

r-(  -* 

44 

4i 

4* 

c-« 

Ui 

o 

CL 

X 

*■**  Cy 

ry 

14 

0 

ry 

o 

_ 

ry  o 

-r 

0 

r- 

0 

© 

o 

4 

_ 

0 

0 

© 

0 

o 

Ui 

Ui 

Z 

• 

• 

• 

• 

• 

• 

• 

• 

■  « 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ry 

• 

►- 

K 

4« 

fO  IT 

r- 

CO 

© 

© 

>0 

't 

ry  •-»  O' 

© 

0  m 

44 

o 

0 

© 

0 

m 

0 

0 

0  o  o 

0 

o 

44 

o  o 

o  o 

o 

o  o 

o 

O  O 

o 

O 

o 

O 

a 

o 

o 

© 

© 

© 

© 

© 

© 

© 

44 

ry 

ry  o 

<✓> 

n> 

•M 

•4 

*4 

*4 

^4 

4 

*►* 

4 

44  *4 

44 

44 

44 

4* 

o  o 

a 

a 

♦» 

© 

4* 

o  © 

o 

0  U' 

o 

m  o 

0 

© 

ry 

O 

8 

0 

7 

>r 

© 

»n 

44 

5 

5 

7 

o 

X 

X 

-J 

• 

• 

* 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ry 

• 

a 

o 

z 

•H 

© 

•v 

r- 

4) 

IT 

m  <M 

O 

r- 

0 

4  m 

ry  4* 

0 

© 

0 

r- 

r- 

0 

44 

44  r- 

o 

u  o  a 

o 

o 

o  o 

o 

o 

O 

C 

o  o 

o  o 

o 

o 

o 

a 

O 

0 

© 

X 

© 

© 

® 

44 

ry 

Cy 

o 

•4 

4 

•-* 

^4 

4  4 

44 

44 

44 

4* 

44 

© 

fO 

IT 

* 

© 

o 

o 

«-*  .4 

in 

© 

o  nj 

®  n- 

O 

0 

0  f- 

© 

ry 

0 

0 

in 

0 

0 

m 

o 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

4 

• 

• 

ry 

• 

O  M  ^ 

in 

^0 

© 

i r\ 

IT 

o  m 

r4 

o 

o  r» 

m 

m 

ry 

4-  0 

© 

© 

in 

44 

44 

© 

o 

O 

o 

O  O 

o 

o  o 

o 

o  o 

o  o 

o 

o 

o 

o 

o 

0 

0 

© 

CO 

© 

© 

© 

44 

ry  ry 

o 

•4 

-4 

~4 

^4 

P4 

—• 

41  ^ 

*4 

44 

44 

44 

o 

© 

fy 

o 

0* 

'N  C 

rT 

rn 

© 

4 

0 

r- 

>r 

n 

© 

vf 

0 

44 

©  ry 

0 

« 

© 

0 

>* 

o 

• 

• 

• 

* 

» 

• 

• 

• 

•  • 

• 

• 

4 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

» 

• 

ry 

• 

© 

Q 

44 

4- 

© 

y 

0 

-t 

ry 

.4 

o 

© 

0 

in 

K» 

■4 

o 

© 

© 

a 

44 

* 

44 

H 

© 

o 

0 

o 

o  o 

o 

o 

o 

o 

O  O 

O 

o 

o 

o 

o 

o 

0 

0 

0 

0 

© 

© 

0 

0 

44 

ry 

ry 

o 

44 

^4 

4 

*4 

4 

44  4 

*4 

44 

#"4 

•4 

■0 

m 

43 

•f < 

lT 

o 

•o 

0 

ry  O 

o 

0 

0 

e 

4*  o 

» 

© 

‘f 

rr> 

0- 

0 

0 

0 

o 

0 

o 

r- 

ry 

ry 

• 

« 

• 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

4 

• 

• 

• 

ry 

• 

® 

© 

© 

in 

© 

o 

o 

O  »4 

44 

ry  *4 

44 

o  o 

© 

r- 

0 

Cf\ 

ry 

O 

© 

0 

ry 

.T> 

ry 

44 

H 

o 

• 

• 

t 

0 

O' 

O 

o 

o 

c 

a 

o 

o  o 

o  o  o 

o 

o 

0 

o 

0 

0 

0 

X 

© 

0 

0 

44 

ry  ry 

o 

0 

44 

P>« 

4 

^4  4 

44 

4* 

44 

•4 

4* 

** 

44 

ry 

ry 

4* 

f" 

© 

r» 

h- 

<4 

•4 

o 

o  o 

O  rr 

0 

© 

^4 

ry 

r* 

0 

r4 

m 

0 

in 

ry 

ro 

m 

m 

ry 

st 

o 

• 

• 

• 

* 

• 

* 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4 

• 

• 

ry 

• 

O 

44 

fO 

»r 

r* 

© 

© 

0 

o  o 

O 

© 

r- 

0 

0 

© 

ry 

i-4 

0 

o 

0 

o 

o 

c 

o 

O' 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

0 

0 

0 

0 

0 

© 

0 

0 

0 

w 

ry 

ry 

o 

II 

II 

II 

44 

44 

44 

4< 

44 

«N 

•4 

43 

ry  O 

•4 

«n 

O  7T> 

0 

ry 

o 

0 

n 

ry  r- 

ry 

0 

H 

X* 

ry 

0 

0 

4 

0 

o 

-J 

• 

• 

• 

• 

• 

• 

• 

« 

•  • 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

4 

• 

• 

ry 

• 

a 

U 

0 

r-» 

wA 

4 

IT 

© 

r> 

r* 

r-  xi 

r* 

r* 

0 

TV 

* 

t 

m 

rn 

4 

O  0 

~y 

n 

4 

© 

0 

0 

0 

o 

n> 

-J 

z 

© 

o 

y 

O 

O 

o 

o 

o 

O  O 

O 

o 

o 

O 

o 

O 

0 

0 

0 

0 

© 

0 

0 

0 

O  -« 

44 

o 

< 

z 

X 

44 

c 

a. 

r- 

© 

IT 

43 

fS* 

o 

m  © 

o 

r- 

rg 

o 

0 

0 

0 

fy 

0 

4 

© 

in 

0 

o 

t 

4* 

«t 

o 

X 

X 

X 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

■ 

« 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ry 

• 

33 

13 

3 

r- 

o 

o 

•4 

r’ 

43 

O  0 

*n 

r 

4 

.n 

ry 

O 

X 

0 

ry 

O 

r^- 

p- 

p*- 

0 

o 

r 

X 

T 

X, 

X 

o 

o 

o 

o 

O 

O 

O  0 

O 

o 

o 

o 

o 

0 

o 

0 

0 

© 

© 

a. 

0 

0 

O 

—4 

44 

O 

*— « 

»-* 

►— < 

•4 

f-4 

*4 

K 

X 

X 

< 

< 

< 

X 

X 

T 

O 

f»7 

o 

o 

*n 

o  o  o 

•0  c 

O  o 

o  o 

y 

O 

o 

o 

n 

o  o 

o 

O 

a 

m 

43 

a 

o 

<M 

43 

O  m 

^  o 

O 

o  o 

n. 

0 

o 

vr 

44  o  O 

o 

• 

_i 

*- 

— y 

< 

C 

X 

UiK<  OOOHrtNNPijm^in  o®  •  •  •  •  •  •  •  •  •  •  o 

O  u.  •  •  *  •  •  *  •  •  *  •  •  *  i^H»vrw(V<nNf  m  ^3  to¬ 


ll  JZl. 
ts>  2  a.  o 
<  a. 
o 


THE  MJLlOMINi  CONDITIuN  HAS  ",fPM  *0060  TO  THE  W601  0»T»  BASF 

BA St  10  L0  DAlf  6 NO  MOn  tNG  NO  STND  C  OHS  CORK  TEMP  HUM  TTI  TIME  BARM  *0  MV  RUN 

364  JO  250  02/28/79  JP’.O  -17  000372  X314  3  6265  6647  77.0  70.0  30.0  756  30.02  S  1  2351  H  01923  JT8D-17  REF  SPLITTER  B/L.DC9  RE 

V  50EG  CANT  NORTH  r,P  150R  A150 . 1740 


O  O  N  ra 
ON  O  VI 

•  »  • 

o  o 


oi  2 
Ot  O  ► 

3  p*  »- 

>-  u"<  *-  ►-» 

a  <  vn  o  o 

ZCujujO 

Ui  Ot  Ot  -I 

i—  a  a  *-•  x 

d  a  > 
p-  » 
UlwZQQ 
Jl0£2? 

HHfil  1 


at  •—  >  o 

U-.  O  0C  Ui 

&.  *—  tu  ct 

X  X  V>  fit 

kU  U  X  G 

►-  x  o  a 


f**  cm  •  4  > 

rar-corar- 
j  *n  c  <n  \ 
O  I  30 
C  O  O  X  -w 

X  o  •  N. 

P*  4  ra 

•>  cm  o 


2  2  -J  Z. 

—  ~  2  a, 

O  O  -J  «*  ►- 
2  2  <  ►  < 

4/  ~  J  s>  £■ 


at 

O 

o 

un 

o 

r< 

-f 

TN. 

UN 

X 

pa 

o 

a 

ON 

•o 

m 

o 

-f 

cn 

r- 

p4 

o 

>r 

CM 

4  O 

-J 

UN 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

CM  • 

Cl 

IT. 

UN 

X 

O' 

a 

X 

a 

X 

X 

cn 

<Ni  O  O 

® 

cvi  cn 

/n 

cn 

a 

O' 

4 

O 

VI 

o 

o 

o 

o 

o 

o 

o 

o 

O' 

O' 

O' 

O' 

O' 

a 

o 

o 

a 

® 

® 

® 

® 

® 

X 

CO 

® 

pa 

pa 

pa  O 

-J 

pa 

Pa 

pA 

pa 

•-* 

P4 

pa 

pa 

pa 

pa 

ra 

a 

— J  o 

O 

2 

VN 

2 

UJ 

OJ 

*— < 

o  r- 

4 

f" 

w-i 

f  4 

cn 

cn 

o 

0 

2 

? 

X 

kT 

« 

6 

5 

a 

cn 

cn 

r- 

CM 

O' 

f- 

4 

^  O 

a 

O 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

« 

t 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CM  • 

< 

o 

Oa 

un 

UN 

UN 

X’ 

O' 

X 

cc 

•r 

Csi  O 

O' 

X 

> 

•Ni  Pa 

O' 

X 

•0 

u> 

x. 

UN 

•0 

C 

o 

•0 

o 

a 

UJ 

—1 

ra 

o  o 

o 

o 

o 

15  O 

o 

O 

o 

O' 

o 

O' 

a 

O 

O' 

® 

X 

X 

® 

® 

X 

® 

® 

pa  CM  <M 

O 

o 

O 

P“* 

P-4 

*a 

pa 

pa 

pa 

p»a 

a 

pa 

OJ 

a 

2 

K 

c 

4 

O' 

*> 

X 

o 

r«j 

U3 

O 

r- 

O' 

-o 

p*» 

* 

TW 

cm 

r- 

vO 

a 

UN 

CM 

pa 

O' 

pa 

pa 

o 

4  O 

x  oj  2 

u 

UN 

# 

• 

« 

• 

■ 

» 

• 

• 

• 

* 

• 

• 

* 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

j 

• 

CM  • 

r- 

t- 

pa 

4 

m 

to 

® 

CO 

O' 

Cj 

s£> 

4- 

rw 

•a 

o 

X 

t- 

un  m  cvw  o 

o 

® 

o 

UN 

>0 

pa 

pa 

O 

pa 

pa 

OP 

> 

o  o 

O 

o 

o 

o  o 

O 

o 

o 

O' 

o 

o 

O' 

o 

O' 

O' 

X 

CO 

X 

® 

CO 

® 

® 

pa 

CM 

CM 

o 

V)  </> 

4 

PM 

pa 

pa 

pa 

pa 

pa 

•a 

pa 

pa 

pa 

pa 

#-• 

pa 

pa 

O 

o 

o 

a 

a 

K 

0 

3 

r- 

m 

X 

m 

■# 

pa 

■O 

O' 

CO. 

O  v  -. 

o 

o 

UN 

cn 

ra 

5 

7 

O' 

cn 

CM 

UN 

UN 

® 

4-  O 

r 

X 

_/ 

JJ 

O 

• 

• 

• 

■ 

• 

• 

* 

• 

• 

• 

• 

* 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

CM  • 

o  o 

2 

u 

cm 

4 

u> 

r- 

r- 

un  m 

nw  o 

O' 

® 

<s 

cn 

<NI  »a 

o 

® 

U5  r* 

r» 

>0 

PM 

pa 

o 

o  u 

a 

z 

ra 

O  O 

o 

o 

o 

o  o 

o 

C 

O 

O  O' 

O' 

O 

o 

O' 

O' 

O' 

O' 

X 

CO 

CO 

® 

® 

pa 

(NI 

CM 

O 

aJ 

-4 

** 

pa 

•a 

pa 

pa 

pH 

pa 

ra 

pa 

LU 

* 

fp 

a 

® 

r- 

~o 

TNJ 

ifv 

cn 

a>  n*- 

-JT 

< 

pa 

p, 

UN 

cu 

O' 

pa 

■c 

o 

UN 

® 

c 

O 

r»- 

4  O 

U. 

• 

• 

• 

• 

• 

* 

« 

# 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

CM  • 

OJ 

m 

o  ni 

■r. 

UN 

-o 

vO 

-0 

UN 

cn 

pa 

O  O' 

P- 

O 

UN 

m 

cn 

CNc 

0- 

X 

r* 

o 

O' 

UN 

CNJ 

<M 

® 

o 

at 

ra 

o  o 

© 

o 

o 

o 

o 

O 

o 

o 

o  o 

> 

O' 

0 

O' 

O' 

O' 

O' 

® 

x> 

CO 

X 

® 

pa 

CM 

CM 

o 

pa 

** 

pa 

n* 

pa 

ra 

-• 

£ 

PO 

TNI 

o- 

f* 

*t  cn 

>0 

m 

cn 

pa 

c 

<0 

o 

-o 

X 

® 

n* 

cv 

a. 

O' 

O 

o 

4  O 

o 

« 

• 

* 

« 

• 

• 

• 

• 

« 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

Ni  • 

CO 

X 

o 

pa 

cn 

-r 

o 

cn 

CNi 

pa 

O 

® 

m 

rg 

o 

® 

® 

O 

pa 

•a 

pa 

O' 

O 

at 

ra 

a 

c 

o 

o 

o 

o  o 

o 

c 

o 

o 

O 

o 

o 

o 

o 

O' 

O' 

O' 

O' 

« 

X 

o 

O' 

pa 

CM 

CM 

o 

4 

ra 

<a 

c*" 

-a 

pa 

pH 

—• 

pa 

pM 

-4 

n* 

a 

CM 

cn 

f- 

IVI 

O 

f  l 

pa 

cn 

m 

*/•« 

0 

03 

cn 

o 

r-N 

U' 

o 

>0 

o 

m 

4- 

4 

4  O 

cn 

r* 

< 

O 

• 

• 

• 

• 

• 

• 

» 

• 

» 

• 

• 

• 

• 

• 

• 

» 

• 

• 

• 

• 

• 

4 

• 

• 

• 

• 

• 

• 

CM  • 

O' 

O' 

O' 

•N 

<n 

un 

r» 

® 

o 

«« 

pa 

pa 

<Nj 

CM 

PM 

O  O' 

® 

r- 

•c 

■iN 

"J 

pa 

o 

o 

CM 

•Ni 

a 

pa 

X 

o 

• 

* 

t 

X 

PM 

O' 

O' 

0- 

O' 

o 

o 

O 

o 

c 

o  o 

O  O' 

o 

0 

O' 

O' 

O' 

a 

O' 

X 

X 

O 

> 

pa 

(M 

CM 

o 

>0 

a* 

«a 

pa 

-a 

pa 

pa 

~4 

pa 

pa 

•a 

Pa 

a 

a 

pa 

pa 

Ni 

<M 

pa 

pa 

•a 

un 

p>a 

X 

>c 

o 

«— * 

r* 

O  CN, 

UN 

X 

pa 

(Ni 

X 

X 

O' 

CNJ 

pa 

c 

pa 

O' 

•© 

X 

h* 

1- 

«T 

4  O 

o 

• 

• 

• 

• 

• 

* 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

« 

• 

* 

CM  « 

*• 

O 

cm 

cn 

%r 

X 

O' 

O' 

c 

o 

O' 

cc 

® 

r- 

£ 

O  cn 

pa 

O' 

pa 

UN 

o 

o 

O  O 

P* 

O 

ra 

O 

0“ 

O 

O' 

o 

o 

O' 

O' 

c 

o 

O' 

o 

O' 

o 

o 

O' 

<o 

O 

o 

O 

X 

o 

O' 

o 

pa 

CM 

fM 

O 

It 

It 

It 

•a 

ra 

pa 

pa 

a 

c 

CM 

X 

w 

V 

pa 

-c 

O' 

ta 

X 

o 

-o 

P-. 

0 

- 

O 

O' 

UN 

o 

r- 

CNJ 

O' 

O' 

UN 

4  O 

-J 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

CM  • 

a 

t- 

-J 

o 

O' 

o 

TNi 

4 

V 

X) 

<Xi 

CO 

C“- 

h- 

■o 

V 

s 

u 

o 

m 

Csj 

♦a 

O' 

CN, 

LT 

't 

0 

5 

O' 

•£> 

O 

i/N 

-J 

2 

pa 

X 

O' 

0 

rr 

o 

O' 

> 

O' 

0 

O' 

O' 

O' 

0 

o 

O' 

r 

o 

o 

o 

O' 

<x 

O' 

O' 

O' 

L 

pa 

pa 

O 

oi 

2 

a 

*- 

pa 

«"* 

pa 

c 

a 

m 

o 

t 

4 

o 

o 

X 

X 

m 

-j 

_ 

O’ 

0 

<4> 

o 

r- 

Oj 

■c 

or 

® 

UN 

4  O 

x: 

T 

r 

o 

• 

A 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

• 

» 

• 

• 

• 

« 

• 

• 

• 

» 

• 

• 

• 

fM  • 

D 

o 

/** 

o 

c 

"N 

-n 

j  . 

X 

•0 

o 

V 

T 

0 

c* . 

pa 

p- 

o 

c 

r- 

> 

•Ni 

vj* 

r- 

fa 

4 

o 

T 

X 

X 

X 

> 

0 

O' 

o- 

O' 

> 

O' 

o 

■T 

O' 

J 

O' 

o 

o 

O' 

0 

0 

0 

X 

T> 

a. 

o 

O' 

o 

pa 

a- 

O 

•a 

Pa 

'iNO^oOiTio  -or.  >  o  o  o  o  ir  v-  <_•  -'*•  o  o  o  o  o 

^Uil^ClOrMt  ;.  — «  r~  O  X  O  O  X-  C'  UN  -a  C'  O  C"  O  •  JK  J  < 

ojoc^OOC-*—*-*  j  N  E  •  #  •  •  . . .  a  -J  Z  X 

U.  —  •  •  •  •  •  •  •  •  •  •  •  •  t^4H^(S(Nm  /  r  1  o 

<  a 

o 


X  X  K  H 

a*  ^  ^ 

t  t  r  r 


THE  FOLLOWING  CONDITION  HAS  BEEN  AOOt-O  10  THE  W601  DATA  BASE 

BASE  ID  L0  DATE  ENG  HOP  ENG  NO  STNO  C  OSS  CORK  TEMP  HUM  TTI  TIME  BARM  HD  WV  RUN 

364  14  250  02/2B/T4  JTBO  -17  000372  X314  3  6284  6467  77.0  70.0  30.0  820  30.0?  S  1  2351  H  01923  JT80-17  REF  SPLITTER  B/L.DC9  RE 

V  I. EG  CANT  NORTH  GP 150R Al 50. 1740 


2351  H  01  V2J  JT80-17  RFF  SPUTTFR  H/L,DO»  RFV  5DFG  CANT  NORTH  GP 150RA  1 50 . 1 7*0 


o 

o 


2 

o  UJ 

~  Q 

t  5 

O  p- 

2:  *- 

C  -J 


o 

lu 

o 

2 


O 


O 

O 


o^»nir»rvf,~<fcr-c7,«ro^C0'*>0‘'0irNU'.  eoiTk^^f^o  <e  r*'  cj  ^  o 

•  •  •  •  •  M  • 

Nt>OHOiTi(^a^3'£fr'«o>cf^i7‘'/'&'Hifi®irio  r-  r-  r-  m  o 

ac  ao  ao  r- 

•-•  *c  >o  r-  -g-  o 

.  . . .  •  •  . . .  • 

^NoaDono^-fc^-i  £  «*-■  r-  r-  o  o  o  o  /■*-  o 

r^r-0Da:ajCD^r-r^rfc-r^'O'C«O'23ir.kr»sfNrmrrtfM^  a  »  a  h 

-fco^-0'OhStf\h^a'0(r;<N4(T'0^«fnir^®>f  cn  >r  -r  -C  o 

•  ••••••••♦••••••••••**♦•  ••••  Py  • 

®0^ffW^NOCD^I('Nr*®'OfOO'Or'0'ncCf<1^0  —I  04  f\j  O'  o 

r-oc<t»<noofloooh‘r^r^f“^'0'0'^^»rvtri^<i'fniric>g^  O'  o  o  p- 

OI\l-£»~<kr'COgo>»  sOO^-vT—taO'MOfO'OOOr-r-'O^  •000‘<n  •*  o 

•  •  * . * . . . .  * 

h“0<NiK'^<v«^o®r^Trvf^-*or^>mork-fOf^mo^<»  o 

ffccD©ccaD<Dxxf^r^r^r-fw”0'O'0'0iri^'i^i^Pr»^  a  o  o  cd 

. . . *  •  •  •  •  rg  . 

P^O^‘Nf^nr^^40oor-mfOp<*ao«0«^r-*rfc--*oO<V^3<^  HiniM  o 

r-  r*-  t)B^!©aDcccoNr~rvh-^'0'Og)'Oifiiri4-«f'<iN  o  o  o  co 

^Nxio^^-onoo  4’OrM-H^)^r-o,rl/s-f,*J'U^ao  x>  -o  o  ^  o 

•  •«••*•••••••••••••«**••  •  •  •  •  M  • 

7-7“r,-cDC0®acQ0®aDr-fw^rfcr^-o>O'O<r\ir'-r\^  ^fo  O'  o  O  a> 

0DOa0fM<r\iTiOO,M'>4'fr'®'tfv^3',^-X'fr*O^®<»<V  P-  f-  ^  eg  ^  O 

•••••••••••••-*•••••♦•••  ••••  M  • 

Hvt^ha57ooo70MA4fgooir<N<o>fO^O  &  in  in  ^  o 

r-  r-  r-  ^  p-  ‘--fooc-cr-r-r-r-h-f-r^  -o  -o  -o  in  i“<  -t  >f  co  ^  >  s 

7  m  o  o  r**-  o 

.  . •  •  •  •  ry  • 

O'-'m-t-OP^ooxcracr-'Cm  o:  in  (A  1^  o 

■cp'p~r,-r~r-f^r-p^fifc“p“r“p-p-p*r-g3<o>C'Cirir'.n>7  ®  <mmo 

.‘M'CP-  X)  •”*  O'  O  D<MA'OlA-C(NjCD/'0'finvf?cvr,'Aj  'Si  (\  CU  S  O 

.  . . eg. 

O  O'-^cn^kT'  £  O  P»  r-  0<T  pt  w  O  O'  f"*-  O  O  m  .£>  >7  -7  CM  o 

>or»f'-r*r-r'-r-r-r-p'r^rter-fwr-r*<C'0.o  0  n  in.  <n  -$  e  J  t  ® 

csjO*<NJ<v4'0'0^os»-''tO'r“orP-*^rgoO-o^*0'^^a>  p-  i"-  .-*  ry  >*  o 

*•«.••••••«••••»••••••••  ••••  N  • 

r*7D<\'n-tiAinO'0  4rn.g-«cor“ir.gs/i  /  fww  in  M  •%!-  o 

•o-or»fs'r-P“r*r-r-P^r-r«-p-r^r^4iO>ooa''irv«riir\^  •»00'oo 


►-  0isi0-r*00^'00ov\00000«r.  OOOiT'OC  OOO 
Z0jrm-0<X>Oni'©Oin»-<OOfnOOPy<CO'n*-gOO<r\O  • 

Ui5t^OOO«p‘p<MNfn'fin-flB  •  •  •  •  •  •  •  •  •  #0 

(J  U>  *—  •  •  •  •  •  •  •  •  •  •  •  •  •^•~*«-»<Si<V«PrV’^U,\’O0O^ 


a .  j2ic 
on  2  a  0 

«  a 

o 


C  3C 

2  a: 
<  o 

m  u 


97 


PNL I  (INTfcGRATfcO)  =  103.83 


2351  H  0192*  Jlt'J-17  tUf-  SPLITTER  B/L.0C9  REV  60*  G  CANT  NORTH  GP 15  OR  A150 .  t 740 


>  A  »-  <— 

J.  <  u  o 

X  Q  OJ  u»  O 

wU  l  1  J 

A  LL  £  +*  lU 

G  O  > 

A  • 

lu  uj  X  3  O 

-J  X  at  Z  Z 

2  M  <  «  w 

-Hffl  J  J 


3 

O 


O 

a 


cl  4 
o  a 
x  o- 

A  a 


a 

a 


0^4 
o  a  — 


cc  a 

<N  fg  A 


X 

3 

X 


X 

x  a. 
a.  oc 


>  o 
or  -u 
•xi  a: 
irt  cC 

^  a 
o  o 


a. 

oo 

Q 


O 

G 


JJ  CD 

3  X 

0  3-1 

r  z  u 
> 

Oi-  JJ  u- 

Z  Z  3  O 
—  --  Z  ’-U 
■3  G  -J  <  >- 

z  z  *  ►-  < 

j  oi  u  1/1  O 


O 

UJ 

Q 

Z 


o 

z 


A 

4 


o 

4 


O' 

A 

'C 

- 

p 

O' 

- 

p» 

o 

4- 

O' 

rj 

O 

A 

o 

AD 

4 

4 

X 

4 

P* 

c 

A 

O 

p“ 

O' 

O 

f\l 

pt 

O  03 

g) 

g> 

p 

PT 

O  CL 

A 

4 

A 

o 

p“ 

A 

A 

A 

-4 

A 

A 

o 

o 

,-g 

rH 

o 

o 

c 

o 

o 

o  o 

o 

O' 

O' 

O' 

o- 

O' 

o 

CD 

a j 

X 

aj 

rg 

rg 

(N 

<—• 

-* 

— 

r-4 

•"* 

^4 

c 

Pg 

A 

o 

>r 

vT 

CO 

rg 

<r 

A 

O' 

-j 

O' 

4 

A 

P- 

rg 

- 

<N 

4 

4 

r* 

C 

A 

4 

rg 

A 

J' 

o 

PI 

4 

p> 

-f 

O' 

g: 

A 

4 

-I 

O 

o 

A 

4 

O 

X 

p- 

»g 

P“ 

r- 

A 

o 

»* 

*-< 

(-W 

r-t 

C 

o  o 

o 

O 

o 

O' 

o- 

O' 

O' 

O' 

X 

X 

CD 

A 

rg 

rg 

rg 

— 

A-W 

-• 

-• 

— * 

-* 

■—A 

—4 

*-4 

•-* 

^4 

— 

r-4 

- 

aj 

A 

uu 

- 

gj 

P“ 

«c 

■A 

>T 

a 

O' 

r-  o 

o 

4 

O' 

A 

O 

o 

p- 

A 

4 

4 

A 

A 

A 

p- 

7* 

A 

•«r 

P4 

o 

CO 

r- 

4“ 

pi 

IN 

C; 

CO 

■o 

A 

A 

eg 

O' 

X 

® 

P~ 

rg 

fW 

A 

A 

o 

O 

•-H 

•— 

—4 

O 

o  a 

O  O 

a 

O 

O 

O' 

O' 

O' 

O' 

X 

X 

® 

A 

(N 

•  J 

Pj 

*“* 

-* 

*-* 

H 

-* 

*-• 

»-4 

H 

*“* 

** 

w4 

a 

X 

O' 

>r 

O' 

rg 

PI 

rg 

m 

PD 

oc 

A 

0 

.2 

r- 

o 

P* 

X 

O 

- 

A 

•0 

O 

- 

A 

4 

O' 

a 

<r) 

o 

rg 

m 

-t 

ro 

O' 

CD 

P» 

A 

4 

PT 

, '  4 

O' 

X 

•O 

A 

A 

-4 

O 

O' 

O' 

rg 

P- 

P- 

A 

o 

O 

<— * 

r-t 

o 

O 

D 

O 

3 

o 

o 

0 

O' 

O' 

O' 

O' 

O' 

O' 

XJ 

A 

rg 

g 

rg 

•— i 

'■* 

** 

-« 

-* 

rR 

«>4 

F— W 

*•4 

-■< 

O' 

cr> 

CO 

■o 

r 

- 

Pi 

P3 

o 

- 

g> 

4- 

* 

4 

X 

4 

<N 

- 

4 

A 

o 

-N 

o 

4 

O 

7 

A 

rD 

A 

ao 

-H 

rg 

— 

O 

o 

cu 

•o 

A 

4 

rg 

O' 

X 

O' 

4 

rg 

o 

O' 

G 

X 

A 

A 

O 

O 

o 

o 

—w 

—* 

o 

.3 

o 

•7 

O 

G 

G 

O 

O' 

0 

O' 

O' 

O' 

7’ 

.> 

A 

N 

N 

rg 

^g 

— 

— * 

-* 

*-* 

— 

-* 

— g 

<-4 

-• 

»*g 

'J' 

r- 

a 

p 

T7 

p- 

Z3 

-F 

r- 

o 

- 

X 

A 

r» 

o 

A 

o 

A 

(N 

A 

A 

O' 

~g 

- 

CD 

A 

_ 

p  i 

A 

r- 

TJ 

O' 

J 

o 

03 

a> 

r- 

A 

4 

PD 

J 

ZJ 

X 

r» 

A 

4 

-  J 

O 

o 

O 

A 

A 

P' 

:Z 

o 

O 

3 

o 

o 

O 

o 

G 

O 

O 

3 

3 

o 

O' 

7 

o 

O 

O' 

o 

o 

7 

— * 

•N 

>N 

—4 

~4 

— 

— 

— 

o 

4 

00 

4 

Oj 

X) 

/> 

iN 

i\J 

- 

r 

r~ 

o 

•3 

P* 

- 

<N 

o 

.3 

o 

X 

- 

A 

A 

4 

r- 

A 

A 

a 

00 

O 

rg 

'f 

p 

o 

>o 

■o 

A. 

4- 

4 

m 

pj 

-g 

O 

O' 

A 

A 

A 

A 

A 

A 

A 

A 

A 

r  j 

7 

a- 

C 

O 

o 

c. 

■•3 

o 

o 

o 

o 

O 

O 

O 

o 

o 

O 

o 

0 

O' 

O' 

O 

O' 

.0 

•-g 

rg 

rg 

— 

*-* 

r“l 

-- 

-* 

P-. 

— * 

'** 

— 

o 

O' 

- 

r- 

g> 

4- 

■o 

r 

PD 

> 

r. 

4 

O 

rg 

A 

4 

IN 

A 

rg 

v 

A 

4 

4 

pt 

a 

x- 

o 

J 

p. 

P" 

r 

ff' 

PD 

.\J 

r.. 

— 

— 

O 

O' 

A 

p“ 

A 

A 

X- 

A 

A 

4 

t 

4 

— 

7 

7 

O' 

O' 

C  ) 

o 

CD 

D 

o 

o 

o 

o 

G 

o 

3 

o 

O' 

o 

O' 

O 

O' 

O' 

7 

— * 

*.■ 

•N 

— 

-* 

-A 

4 

A 

A 

i'4 

4- 

O' 

-■ 

r- 

"T 

XI 

- 

A 

(N 

o 

G 

o 

A 

■N 

- 

X 

X 

A 

A 

gD 

PD 

J 

PI 

4 

o 

ao 

o 

O 

c 

A- 

3 

G 

O' 

O' 

X 

U 

A 

A 

4 

4 

A 

A 

rg 

PD 

A 

G 

o 

O' 

O' 

7 

O 

O' 

o  o 

o 

O 

G 

r  J 

3 

O 

O' 

0 

O' 

0 

o 

O 

O 

O' 

O' 

O 

-g 

C.J 

rg 

pW 

— 

-* 

P 

r-1 

— 1 

~ 

p> 

>7 

P3 

O 

gD 

p- 

T. 

A 

o 

•4- 

4 

X3 

-C 

X 

4 

PD 

J 

4 

o 

O' 

A 

G 

CD 

IN 

c 

A 

A 

O 

o 

Pa 

IN 

X 

<0 

r~ 

TJ 

O' 

r> 

O 

O' 

X 

no 

r» 

P* 

A 

A 

4 

<N 

_ 

N 

_ 

o 

-4 

A 

o 

O' 

O' 

7 

O 

O' 

O' 

o 

r* 

o 

o 

O' 

O 

-O' 

O' 

0 

O' 

O 

o 

O' 

O' 

O' 

O' 

O' 

rg 

IN 

<0 

»-  O'  PJ  O  A  O  O  A  O  3  O  A  -  j  G  O  3  O  A  OO-  J  A  O  O  O  O  O 
ZluXrf'OHO^^Ofl'-OO^OO'M'OOTTHOOmO  • 

•  •  •  •  •  •  •  •  •  •  o 

o  u.  *  •  •  *  •  •  •  •  •  •  •  • 


-j  t-  _J  < 
a.  _j  z  x 
is>  z  a.  a 

<  a 

o 


7  IN 
G 


O'  rg 

«-*  • 

o 


O'  a 

-g  • 

o 


A  -N 
fNi  • 


a  * 

Z  CL 

<  o 
(C  o 


-i  a 

-  Z  Oj 
a.  p> 


*/>  a 

a  o 

x  a.  ►- 

x  r  -I 

o  c  z 
o  o  a 


A  eg  rg  ^g 
i'  C  ? 

•  g  T5  ^  r 

.'J 


a.  A  G  < 
<A  3  Z  X 

<  Z  a  3 
3  X 

x  x  r  x 

3  3  3  3 
X  x  T  T 

X  X  X  X 

<  <  «t  « 

X  X  x  X 


THE  FOLLOWING  CONDITION  ct.<  b  BEEN  OUUt-U  10  THE  W601  DATA  BASE 

BASE  10  LO  DATE  ENG  MOD  ENG  NO  S  TN  U  C  0BS  CORK  TEMP  HUH  TTI  TIME  eARM  WO  WV  RUN 

53*  9  ?So  02/28/79  JT  31)  17  2  12-6  9  X  31  *  3  6bCb  696*  77.0  70.0  36.0  9?1  30.0*  SW  1  2351  H  0192*  JT8D-17  REF  SPL11UR  B/L.0C9  RE 

V  50EG  CANT  NORTH  GP 1  50R A  150.1  7*0 


a- 

l» 

II 

OC 

cm  r- 

CM 

X  O' 

cM 

04 

CM 

o 

m 

O' 

X 

O' 

U3 

4 

7 

6 

PO 

O' 

O' 

® 

PVl 

CM 

O 

X 

b 

? 

7 

O' 

4 

u 

o 

tn 

• 

• 

• 

• 

• 

• 

• 

■ 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

cM 

• 

o 

z 

04 

IN 

4 

m  m 

04 

o  r- 

p*- 

n  <\i 

o 

X 

X 

m 

O' 

n 

cM 

m 

X 

o 

d 

® 

o 

04 

pn  03  o 

o 

o 

JJ 

o 

CM 

® 

00 

CD 

CD 

CD 

43 

ao 

O' 

O' 

r-  O' 

O' 

X 

X 

X 

n 

n 

n 

4 

po> 

pn 

04 

O' 

O  O  0- 

_j 

o 

V 

3 

z 

® 

CM 

p- 

CM 

® 

O' 

C-4 

03 

•43 

CD 

-r 

X 

4  O' 

f- 

cM 

® 

o 

m 

•— M 

m 

n 

O' 

® 

on 

04 

004 

X 

d 

03 

o 

►m 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

•  » 

• 

P4 

• 

QC 

z 

r— 

m 

04 

m 

43 

r- 

-0 

0- 

X 

4 

CM 

O' 

r- 

X 

4 

o 

® 

4 

o 

X 

CM 

<<3 

JO 

o 

O' 

03 

n 

O'  O' 

4 

o 

UJ 

o 

—4 

-J 

CM 

® 

ao 

ao 

® 

CD 

CD 

CO 

® 

® 

O'  0“ 

0*- 

h- 

X 

X 

X 

n 

n 

4 

m 

pn 

CM 

O' 

o  o 

® 

p- 

o 

< 

o 

t— 

z 

CM 

< 

CM 

0- 

4 

X 

CD 

cM 

0 

7 

fO 

D  O  03 

4 

X 

X 

4 

cM 

4 

O' 

4 

n 

-d 

O' 

X 

CM  4 

O' 

O' 

X 

-J 

l/3 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

.  • 

• 

• 

• 

• 

• 

» 

• 

• 

• 

• 

• 

•  • 

• 

cM 

• 

CL 

4 

04 

4- 

r- 

CO 

O' 

r- 

4-  04 

O  O' 

O' 

*T> 

04 

O' 

o  m 

O' 

X  ® 

pn 

X 

X 

cM 

X 

O'  ® 

n 

o 

CD 

CD 

CD 

® 

® 

CD 

CD  CO 

® 

a  0- 

r-  o* 

X 

X 

X 

n 

n 

4 

4 

pn 

04 

O' 

>  o 

CD 

u. 

UJ 

m  m 

03 

04 

x 

CD 

f'- 

4 

4 

O' 

n 

n 

X 

n 

n 

04 

O' 

n 

<n 

tr» 

O'. 

4 

O'  d 

X 

O' 

n 

fit 

O 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

■ 

• 

• 

• 

• 

« 

•  • 

• 

d 

• 

4 

(M  >* 

x 

CD  O 

O' 

30 

X 

4 

04  H 

O' 

0" 

n 

t'a 

O' 

04 

O  04 

04 

03 

o 

o  o  ^ 

o 

Mm 

® 

ao 

® 

D 

CD 

CO 

X 

CO 

ao 

43 

X 

O' 

0- 

p^ 

fw 

X 

X 

X 

X 

n 

4 

4 

f»3 

O' 

o  o 

co 

*d 

Q 

r- 

X 

n 

3 

9 

-0 

n 

4 

O' 

r- 

O' 

04 

n 

rr\ 

o 

_ 

fvj 

04 

n 

4 

n 

CM 

O' 

O' 

4 

a 

0 

9 

O' 

® 

® 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

d 

• 

H— 

m 

o 

04 

n 

x  o- 

ao 

r- 

X 

4 

on 

•-M 

o 

an 

X 

4 

cM 

® 

n 

4 

X 

04 

X 

O' 

n 

X 

O  o  O' 

o 

H 

23 

<r 

CO 

o 

<30 

03 

X 

X 

ao 

X 

® 

X 

O' 

O' 

O' 

O' 

X 

X 

X 

n 

4 

pn 

C4 

O' 

o  o  ® 

>T 

CM  d 

r., 

in 

rvi 

c4 

O' 

•>4 

O' 

O' 

o 

J 

4 

04 

n 

X 

X 

m 

4 

O' 

4 

4 

— i 

m 

4 

o- 

in 

r- 

m  o 

n 

O' 

04 

O' 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

•  • 

• 

—4 

• 

04 

cM 

pn 

O' 

c-4 

o> 

4 

X 

O 

■0 

X 

IT- 

4 

m 

O' 

0- 

U'l 

04 

O' 

X 

® 

4 

® 

■d 

-TV 

o  o 

® 

O 

o 

o 

rd 

o- 

® 

® 

D 

CD 

03 

o 

X 

® 

® 

® 

® 

O' 

O' 

0“ 

O' 

X 

X 

X 

n 

n 

4 

4 

pn 

O' 

o  o 

d  d 

® 

O' 

X 

o 

4-  O 

4 

0- 

04 

mM 

o 

m 

CM 

® 

r- 

n 

o 

n 

04 

04 

n 

n 

c<3 

® 

pn 

X 

o 

o  ® 

X 

O' 

04 

mM 

*d 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

•d 

• 

Og 

n 

o- 

O' 

o 

04 

fO 

4 

4 

•J- 

on 

04 

«M 

o 

O' 

o- 

n 

m 

o 

0- 

04 

30 

4 

CO 

> 

moo 

CO 

o 

II 

O' 

cM 

f*- 

o- 

O' 

» 

30 

CD 

ao 

® 

an 

<T) 

® 

® 

® 

O' 

O' 

r» 

O' 

O' 

X 

X 

ir» 

n 

4 

03 

o 

O  O' 

au 

fvj 

x 

fO 

OJ 

o 

n 

CD 

X  04 

on 

CO, 

n 

ao 

X 

c<3 

04 

4 

03 

n 

O' 

04 

X 

03 

D 

o 

o  ® 

0- 

m 

04 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

04 

• 

— ■ 

cM 

X  r-  O 

o 

*d 

rg 

P4 

04 

c-<  O 

O' 

® 

n 

fO 

c4 

cn 

CO 

o 

X 

03 

IT 

d 

a  ® 

0- 

o 

o 

O' 

o- 

O'  O' 

00 

00 

CO 

® 

r> 

X 

■D 

O' 

O' 

0“ 

O' 

O' 

o- 

X 

O 

X 

n 

n 

4 

o 

O'  O' 

X 

p- 

OJ 

fO 

m 

4 

ao 

CD 

O) 

04 

4 

X 

03 

X 

X 

m 

cM 

4 

X 

o- 

0“ 

04 

O' 

O' 

pn 

n 

2 

G 

CD 

m 

04 

< 

JC 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

Og 

• 

o 

o 

cM 

O' 

4 

x 

0- 

CD 

o 

o 

O 

C3 

o 

O' 

® 

O' 

X 

n 

PTv 

® 

J 

04 

ao 

in 

O' 

o 

CO  CD 

X 

o 

u. 

-M 

o» 

O' 

0- 

O' 

0-  o- 

O' 

a 

CD 

a 

OJ 

p" 

0- 

o* 

O' 

0“ 

X 

X 

X 

n 

n 

4 

o 

O  O' 

an 

z 

03 

cM 

4 

m 

m 

m 

co 

04 

n 

04 

03  O' 

4 

4 

4 

H 

tvj 

o 

X 

X 

o 

CD 

m 

® 

4  — < 

® 

m 

03 

o 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

• 

•  • 

• 

04 

• 

O' 

O  04  04 

4 

x  0- 

an 

ao 

o 

> 

® 

X 

n 

4 

03 

cM 

O' 

O' 

04 

O' 

X 

04 

pn 

® 

X  X 

4 

o 

O'  r*- 

r* 

0- 

O' 

r- 

r- 

r*“ 

o- 

0- 

0“ 

p*- 

O' 

0* 

O' 

X 

X 

X 

n 

n 

4 

® 

o  o 

® 

p- 

(-ONOmOOrf'OOOtnOOOOOiAOOO.nOOOOO 

ZUJIinO®GN«CO^'<OO^'5Cfy-0Oi/'HOOlirlO  •  _J  P—  «J  <  oac 

ujQt^ooo^H^NNfo-j^ocn  •  •  •  •  •  •  *  •  •  •  o  a.  _j  z  ®  z  a. 

o  u.  —  •  •  •  •  •  •  •  •  •  •  •  •  t/>za.E>  <  D 

*«  a.  ®  o 

o  P- 


09 


2351  h  U1929  J  T  80-1  7  RE  F  SPLITTER  B/L.0C9  REV  50EG  CANT  NORTH  GP  15  OR  A 1  50. 179  0 


x  Q  UJ  OJ  o 

-u  ^  a  -< 

>-  u.  a  h  aj 

a  a  > 

h-  • 

uu  lu  I  O  O 

Jtazz 

«  H  (D  I  J 


O 

o 


a. 

o 

-o 


a 

o 


-«  -T 

■r  o 

p-4  cn 

r-  f- 


3 

M 

c 

< 

or 


x 

o 


in  x  cm 

lf.(N  < 


x  cm  o 

(NlTTH*1' 


at 

3 


r 

3 

x 


o  •  j-  o 

—  43  13  O- 

i  i  a  ^  n 

I'M  I  TT 

o  r-  o  x  cm 

x  m  #  \ 

h*  -o  c, 

n  ru  o 

»»  ll  II  II 


X 
-J  AiJ 

x 
3  * 

O  3  -J 

Z  Z  lU 

> 

x*  uj  uJ 

z  z  3  a 

—  —  Z  Uj 

l5CJ<k 

z  z  <  *-  < 

X  uj  J  l/>  Q 


a 

on 

a 


z 

Z  Q- 
a.  x 
at 

o 

O  UA 


vu  at 
to  at 
®  O 
O  O 


at 

o 


a 

z 


o 

z 


at 

« 

a. 


o 

o 


o 

O' 


Z  uj  X 
-u  a.  xr 
O  u.  -* 


- 

r- 

Cm  Cm 

M3 

r~ 

CM 

*n 

INJ 

ret 

.3 

0 

X 

'T 

X 

4- 

X 

X 

O’ 

n  c» 

o 

cn 

X 

X 

o 

rr\ 

rc\ 

x  c- 

fC 

TO 

C4 

O  X 

M3 

n 

Cm 

o 

o 

X 

M3 

m 

o 

x 

r- 

'i- 

X 

X 

in 

-4 

f— 

i 

^4 

^4 

*-4 

r4 

O 

o  o  o  o  O  O 

O 

O 

O 

O' 

X 

X 

X 

CM 

CM 

CM  W 

p4 

w 

** 

-4 

P4 

P-4 

*-* 

pm 

P-4 

p-4 

P-4 

P-4 

o 

O 

>1- 

o 

- 

r* 

- 

X 

*4 

.0 

.7 

o 

r- 

in  o 

^4 

in 

o 

X 

CVJ 

o 

o 

CM 

^4 

in 

<n 

X 

O 

c- 

O) 

n 

T 

CM  O 

o 

n 

•T  IN  O 

o 

r- 

in 

Cm 

p-4 

O 

o 

X 

p-4 

j-4 

r> 

•-* 

p-4 

*-* 

—4 

-4 

•-M 

-4 

►4 

P-< 

f— < 

o  o  a  o  o  o 

O 

o 

O' 

O' 

O' 

X  O' 

cm 

m 

m 

P—4 

** 

** 

^-4 

H 

— * 

P-4 

— 

p4 

— * 

** 

-4 

P-4 

p— 4 

h- 

m 

o 

MD 

fO 

rM 

r* 

- 

3 

.2 

c~ 

n 

o  n 

- 

- 

- 

X 

X 

X 

o 

CM 

o 

f- 

O' 

CM 

in 

c  r- 

CO 

P*» 

n 

m 

CM 

o 

X 

o 

<t 

fCT 

w—4 

o 

o 

■O 

O 

O' 

X 

r» 

o 

•** 

P-4 

•-M 

*4 

P4 

o 

o  o 

o 

o  o  o  o 

O' 

O' 

O' 

•o 

X 

CM 

m 

m 

^4 

H 

•+ 

^4 

*—4 

H 

*“ 4 

—4 

p-4 

-4 

p—4 

P-' 

P-4 

-* 

p4 

P-* 

•* 

CM 

o 

-4  O 

o 

o 

o 

m 

- 

.3 

0 

o 

M3 

o 

cn 

r- 

O' 

X 

CM 

o 

m 

fn 

in 

m 

p-4 

o 

<D 

J. 

<n 

m 

c- 

r- 

-o 

in 

m 

CM 

o 

x  r* 

in 

4- 

CM 

-4 

O' 

r- 

n 

o 

CM 

in 

H 

X 

O 

.-4 

p4 

#— 4 

•4 

^4 

P— 4 

»-4 

P4 

<4 

o 

O 

O 

O 

CJ 

u 

O' 

O' 

O' 

O' 

o 

O' 

-M 

m 

p^ 

h4 

r4 

p4 

p4 

<4 

H 

^4 

p-4 

r-4 

P-4 

p*4 

cn 

C“ 

cn 

- 

- 

r* 

CM 

o 

CO 

r* 

o 

■0 

•n 

:n4 

r*- 

m 

r- 

n 

X 

cn 

CM 

in 

o 

o 

4* 

cn 

in 

>0 

X 

J, 

m 

m 

n 

n 

4- 

CM 

o 

o 

X 

r- 

m 

CM 

^  o 

X 

MJ 

O 

cn 

CM 

>2 

O 

O 

r- 

o  o 

-4 

*«4 

^-4 

p4 

p-i 

o 

c 

o 

D 

o  o 

o  a 

O' 

O' 

O' 

o 

O' 

iM 

T^l 

"n 

^4 

^4 

^4 

#4 

-4 

-4 

pp4 

44 

-• 

— 1 

p-4 

•— 

p-4 

p-4 

p-4 

P—4 

—4 

p-4 

>0  o 

-o 

■o 

CD 

o 

- 

X 

•o 

cn 

CM 

r- 

r» 

-a- 

X 

in 

f- 

o 

C' 

X 

X 

CM 

m 

0 

J0 

o 

CM 

.M 

CM 

p4 

o 

o 

X 

n 

>»■ 

m 

^4 

o 

X 

X 

o 

o 

m 

c  J 

O' 

O' 

C- 

o 

o 

o 

ft 

»-4 

p-4 

•-4 

4-4 

o 

O 

O 

o 

c 

o 

O 

o 

T 

o 

O' 

o 

O' 

''j 

CM 

•M 

p-< 

H 

H 

—* 

^4 

— 

P- 

•“* 

p-4 

p-4 

p^ 

p4 

—4 

p-4 

— 

p-4 

x 

O' 

o 

00 

n 

r- 

- 

p4 

CM 

M- 

o 

<  4 

n 

X 

n 

X 

- 

-< 

o 

O' 

O' 

- 

-r 

r- 

c- 

- 

00 

o 

CM 

•r 

o 

c^ 

o 

o 

cr 

uO 

X 

r* 

M3 

n 

rr, 

I'M 

p-4 

o 

o 

n 

o 

o 

> 

X 

X 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O' 

o 

o 

CM 

CM 

p—4 

p-4 

^4 

*■* 

-4 

-4 

~ 

p—4 

— • 

P-4 

P4 

—4 

-A 

^4 

o 

o 

CD 

n 

- 

m 

•* 

m 

•n 

o 

m 

o 

a 

o 

o 

o 

o 

O' 

CM 

n 

o 

X 

in 

X 

in 

r- 

an 

Cm 

n 

•0 

•<3 

•c 

o 

n 

in 

r 

sf 

rn 

m 

P-4 

P-4 

o 

■o 

X 

X 

X 

c- 

N 

r- 

*r 

O' 

O' 

o 

o 

O 

o 

o 

o 

O 

o  c 

O 

O 

o 

o 

o 

o 

o 

O' 

O' 

o 

o 

O' 

p-4 

CM 

CM 

p-4 

«-< 

«-4 

P-4 

-4 

P-4 

P-4 

P-4 

*“ 

O' 

cn 

CM 

IS 

0 

2 

in 

#•4 

r- 

o 

o 

o 

X 

M3 

2 

7 

PM 

n 

- 

X 

- 

Cl 

p^ 

O' 

o 

O' 

X 

cm  in 

M3 

CO 

o 

CM 

cn 

m 

-f 

r 

r » 

C*4 

Cm 

P4 

p-4 

o 

O' 

X 

M3 

X 

X 

X 

>r 

X 

m 

CM 

> 

O' 

O 

T 

o 

o 

o  o 

o 

o  o 

o 

O 

o 

O 

o 

o 

1-2 

O' 

o 

O 

o 

O' 

O' 

P-4 

Cm 

CM 

p-4 

-* 

«-4 

~ 

•*4 

4- 

P-4 

-** 

-* 

** 

p4 

CM 

r- 

•0 

m 

C» 

<0 

s 

!—* 

«n 

X 

- 

.0 

7 

■r 

o 

CM 

n 

M3 

- 

cn 

cn 

O' 

O' 

O' 

X 

« t 

•o 

o 

» 

o 

o 

pH 

CM 

p- 

o  o  o 

O 

X 

C- 

M> 

o 

CJ 

m 

P-4 

C: 

m 

m 

o 

> 

o 

o 

o 

o 

o 

o 

o 

O 

o  o 

o 

o 

o 

o 

o 

o 

O 

O' 

O' 

O' 

O 

o 

O' 

P-4 

CM 

CM 

p4 

"4 

p4 

P4 

P^ 

—4 

o 

<n 

o 

O  IT 

o 

o  o 

n 

o  o 

o  o 

o 

n 

o 

o 

O 

n 

o 

o 

o 

o 

o 

n 

X 

cn 

O  cm 

>0 

o  n 

P-4 

o 

one 

o 

CM 

M3 

CJ 

n 

—4 

o 

o 

o 

• 

h- 

-4 

< 

o 

O 

O 

4- 

M 

i“M 

T 

n 

-0 

X 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

a 

-J 

z 

X 

1  p-4  — 4  cm  Cg  m  f  i/l  O  ff)  h 


vi  2  a  o 

<  CL 

o 


»n  m 
o 


CM  CM 

—4  • 

O 


O'  CM 

~4  • 

o 


O'  -• 

p-4  • 

o 


O' 

p-4  * 

o 


■c 

o 


O'  P-4 
M  « 

o 


O'  -4 

p-4  • 

o 


cn  "A 
Cm  • 
O 


O  A. 
Z  ot 

■<  o 

03  O 


n  jo 
vi2  uj 

0.  K 


t/>  i/> 

o  o 
o.  a.  k 
Z  Z  -J 

o  o  z 
o  o  a. 


f*“  l/T  O' 

-N  -  O' 


a  ►-  -j  < 

oO  J  2  CD 

<  z  a.  q 
o  a. 

z  z  z  z 
3  3  3  3 
z  z  z  z 

X  X  X  X 

<  <  <  < 

z  z  z  z 


100 


J 


THE  FOLLOWING  CONDITION  HAS  BEEN  AOOtO  TO  T HE  W601  0ATA  8ASE 

BASE  10  L0  OAlf  ENG  MOO  ENG  NO  STND  C  QBS  CORK  TEMP  HUH  TT I  TIME  BARM  W0  WV  RUN 

534  10  250  02/28/79  JT80  -17  372-09  X315  3  7141  7304  77.0  70.0  36.0  937  30.04  SW  1  2351  H  01924  JT8D-17  REE  SPLITTER  B/L.0C9  RE 

V  50EG  CANT  NORTH  GPt 50RA150.1 740 


2351  H  0192*.  JT80-17  RE  R  SPLITTER  B/L.DC9  REV  5D1G  CANT  NORTH  GP 150R Al 50 . 1 79 0 


o 

o 


§  OJ 

~  a 

»-  3 

i—  ♦- 

Q  *- 

X  h- 

O  -J 

o  < 


o 

Ui 

o 

z 


-J 

o 

z 


P 

P 

cr. 

cO 

03 

Cg  O 

eg 

o 

eg 

IN. 

ix 

® 

O 

r- 

rp 

fC> 

P  p 

o 

O 

4 

4 

ex 

.7 

.0 

eg  O' 

e- 

-T 

p 

P 

X  o 

P 

ut 

re 

eg 

o  r- 

P 

eg  O 

r- 

re  o* 

p 

O' 

O 

«X 

rx 

O'  o 

p  r*“  p  4 

p“l 

ao 

ao 

a> 

X  00 

X 

X 

® 

CO 

® 

e- 

r- 

p* 

r*- 

o 

®  p 

p 

4 

4 

<x 

<M 

<y  <y  y 

ao 

CO 

7 

0 

p  p 

O' 

p 

p 

O  eg 

r- 

r- 

4 

®  o 

o 

r- 

(X 

O' 

P 

p  eg 

f"-  4 

O 

o 

• 

• 

• 

•  « 

« 

• 

» 

« 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

•  • 

• 

•  • 

• 

p 

4 

-0 

O' 

O  <7 

o 

I** 

a 

•a 

4 

eg 

o 

r- 

4 

4 

o 

4 

X 

w+  P 

O' 

® 

or) 

00 

® 

O'  03  O' 

O' 

X 

CO 

® 

<30 

X 

4- 

X  rO 

P 

4 

4 

03 

eg 

O' 

O  O  ® 

^  «— i 

P 

4“ 

f- 

eg 

4  GO 

X 

ip. 

X 

o 

>■■ 

- 

Cg 

P 

.X 

Cj  e- 

o 

® 

® 

O' 

P 

cx  —« 

eg 

,-g  C- 

IX 

4” 

r- 

O' 

-4 

eg 

o 

p 

p 

4 

eg 

O  r- 

4 

r->  e- 

4  O* 

og 

r- 

O' 

O'  4 

O 

rO  eg  o 

ID 

ao 

® 

O'  O' 

O' 

o- 

® 

® 

® 

« 

CO 

® 

r- 

f- 

P 

P 

P 

4 

rx 

eg  ^ 

o 

O  O 

~4 

O' 

4 

eg 

® 

o*  e- 

eg 

re 

eg 

re 

r- 

P 

r- 

O 

O' 

rvi 

—  O' 

P 

rg 

ex 

4 

0  0  4 

r- 

«-g  0* 

p 

4 

4 

r» 

O' 

O  eg 

m 

eg 

O 

n 

p 

P 

fe 

eg 

O' 

4  O 

rx 

P 

Cg 

P 

P  eg 

o 

4  IX 

03 

03 

X 

O  O' 

O' 

o 

O' 

® 

X 

® 

X 

X 

e- 

f- 

r-  r- 

P 

•0 

P 

P 

4 

rx  eg 

o 

r— 

O  O 

H  **g 

O 

- 

P 

X  r- 

f  A 

gi 

- 

e- 

re 

O' 

4 

X 

re 

C  P 

p 

r* 

X 

t-* 

P 

— <  p 

o 

w  ® 

® 

rx 

rx 

P 

■JO 

O'  — 

eg 

J, 

o 

X 

r- 

p 

4 

eg 

O 

CO 

P  eg 

O' 

p 

o 

P 

O' 

— •  ® 

o 

4  ix 

OD 

33 

X 

X  O' 

y 

O' 

O' 

X 

X 

OJ 

X 

X 

® 

e- 

P 

P 

p 

P 

4 

4  eg 

o 

D  O 
»*g  «g 

o 

eg 

P 

7 

0 

7 

an 

4 

IP 

X 

® 

4 

re 

4 

r«- 

X 

aj  eg 

- 

P 

p 

P 

en 

»  r» 

eg 

O'  e* 

eg 

re 

J. 

CO 

gl 

X  o* 

O 

O 

O' 

® 

r- 

O 

p 

re, 

O' 

X  4 

*-« 

p- 

eg 

■g 

4  IX 

O' 

X  IX 

eg 

*“ 

CO 

ao 

X 

JO  X 

O 

O' 

CO 

X 

X 

® 

X 

X 

X 

r*» 

r* 

P 

p 

P 

p 

4  re 

O' 

O  O 

*«g 

O' 

INJ 

P 

P 

re  o 

o 

o 

eg 

o 

® 

® 

D 

f* 

P 

a 

x  ® 

O' 

P 

® 

O' 

- 

Cg  eg 

p 

— i  O' 

® 

eg 

e- 

o 

*4 

re  4 

p 

e- 

f- 

e- 

p 

P 

P 

eg 

CO  o 

rx 

o 

p 

h 

r- 

o  o 

p 

ix  eg 

-g 

r- 

r- 

X 

®  ® 

X 

® 

CO 

an 

® 

X 

m 

® 

® 

4*  r- 

p 

P 

p 

P  4 

O' 

o  o 

r-R  M 

o 

p 

4 

c„ 

C4  O' 

O' 

eA 

O' 

0 

® 

- o 

r* 

O' 

® 

P 

®  ’eg  r- 

o 

p 

® 

IX 

eg  — • 

r» 

6 

O' 

O 

• 

* 

• 

•  r 

• 

■ 

• 

• 

« 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

» 

•  • 

• 

•  • 

• 

4 

■0 

II 

o  — 

C'j 

4 

4 

p 

4 

4 

r*> 

eg 

f— 

o 

®  r» 

4 

eg 

r» 

rx 

o 

4  P 

4 

«■* 4 

o 

e* 

P*“ 

X  X 

X 

m 

X 

X 

X 

X 

CO 

oc 

r. 

X 

e-  r*- 

r* 

o 

P 

p 

P  4 

0- 

o  o 

o 

r- 

O 

O' 

“  >  -0 

o 

4 

4 

X 

03 

r- 

J 

- 

o 

gj  O 

rr, 

e, 

p 

Ov 

o- 

®  P 

X 

P  P 

IT 

o 

Cl 

P 

p 

•X  O' 

3 

J, 

eg 

eg 

eg 

eg 

Cj 

o 

O' 

e**  x 

4 

— 4 

r- 

4 

o 

p  e- 

o  o 

o 

r- 

e*. 

r- 

e-  e» 

X 

X 

X 

X 

X 

® 

an 

X 

® 

r- 

r-  r- 

r- 

r* 

p 

P 

p 

P  4 

O' 

o  o 

® 

P 

- 

p 

4  <\» 

n 

- 

e* 

4 

p 

p 

P 

CO 

4 

-4  X 

X 

r»* 

<x 

P 

ei  o 

■  i 
.9 
.6 

4 

7“ 

4 

O- 

o 

»-g 

O 

O' 

O' 

(T) 

O  4 

eg 

O' 

p 

eg  r* 

ix  4 

®  0D 

e- 

e* 

e-  e- 

r- 

X 

X 

® 

® 

f** 

e- 

f- 

e-  e- 

p 

p 

P 

P  P  4 

O' 

O'  O' 

<n 

hO^O*iOO^  OOOPOOOOOPOOOuiOOOOO 
z  UJ  I  vf'  £iT)O''j-0O/«-OO'f'OOA;10OinHO0WO  • 

UJ  qc  P  p  CD  •  •  *  *  •  ♦  •  •  •  •  O 

U  ii  -  •  •  •  •  •  •  •  •  •  *  •  • 


j  h  j  < 
a  _j  Z  co 
i^ZlQ 
<•  a. 
o 


•M  fX 
INI  • 
O 


*-«  (X 

eg  • 
O 


— '  4 
fsi  • 
O 


-4  (M 
(V  * 
O 


-«  ej 
eg  • 
O 


m  eg 
eg  • 
o 


O  eg 

—4  • 

a 


m  eg 

INi  • 

o 


m  m 

eg  • 

o 


O  X 
Z  X 

«  a 

CO  o 


101 


PNLT  (INTEGRATED,  =  112.39 


2351  H  Ul-»23  JT8D-17  REF  SPLITTER  B/L.DC9  REV  5DE6  CANT  NORTH  GP150RA 150.1750 


o  r-  eg  h 
ON  O  V) 

•  00  • 

M  O 

m  m 

H  M  M  N  M 


►  V>  4  4 
0.  «  «/)  U  O 
lOuJUiO 

uj  ac  ac  -J 


ujujIOO 

2  M  4  *N  M 

•X  4  ©  X  X 


0 c 

o 

Ui 

4 

u. 

CL 

ac 

% 

o 

o 

o  — 

• 

• 

(*>  4 

1 

fS* 

to  4 

ac 

4  4 

X 

o 

iS> 

H 

it 

M  U 

z 

UJ 

PM 

UJ 

ac 

-J 

o 

41 

a 

UJ 

41 

VI 

o 

4 

o 

z 

UJ 

4 

o 

X 

O 

UJ 

4i 

X  £L 

UJ 

-J 

pH 

UJ 

a  ac 

ac 

o 

ac 

ac 

ac 

z 

3 

O 

o 

4 

4 

> 

O  UJ 

o 

»r\ 

4 

4 

Uj  4 

4 

ac 

4 

>  o 

> 

UJ 

Q 

ac  uj 

4 

Ql 

uj  ac 

O 

X 

X 

i/i  ac 

UJ 

5 

a3  a 

UJ 

o 

4 

z 

o  <-> 

u 

4 

z 

4 

(•••<«*****t*itit*«t 

4'*#4i®0'in4©©,rrgO®4©4f9ipH0‘© 


45  41  4  4) 

•  •  •  • 

<*i  <\j  o  a* 

O  t>  O'  © 

H  (*1  M  O 

1  *  «  • 
h  N  N  CD 
Nrtnn 

rt-MMlM. 

4  O 
eg  ♦ 

O 

-j  — 

a  -j  o 

O  4?  O'  IV 

4  0  0  4) 

4  O 

"I? 

•  •  •  • 

•  •  •  • 

CM  • 

4 

4  4i  m  m 

4  O'  O'  0- 

O'VMTm. 
eg  n  r<i  eg 

w<  H  H  H 

O 

ac 

O 

UJ 

4 

<9!  Ui  O'  41 

4  O 

UJ  UJ  Z 

•  •  •  • 

•  •  •  • 

OJ  • 

4  4  4 

CD  4)  4  4 

V  ^  O' 

O'  4  4  ** 

N  (<1  N 

o 

M  M  •• 

V)  v> 

4  eg  •-4  0' 

I  (HOWS 
O  I  00 
a  o  o  x  eg 

©  O  •  Ni 

4  4  eg 

T  N  O 


Z  Z  -i  3 

4  ph  2  uj 

O  O  -J  <  4 
22  4K  4 
anno  vtO 


ao  <r- 

m  oo 

© 

.0 

.3 

.0 

.2 

4  n  n  4 

o 

4 

45 

4  X 

m 

N 

CO 

eg 

3 

7 

,  f-> 

© 

© 

O  fn 

43  4 

O' 

o  o  O' 

4 

<C  IT  4  N  O 

O' 

h! 

<91 

4 

O' 

© 

•o 

,  ® 

£ 

4 

4  ph 

H  H 

4 

eg  <M  4 

4 

4  pH  PM  4 

4 

c 

D 

o  o 

o  o 

O' 

O' 

O' 

O' 

<VJ 

n 

<Si 

4  i-M 

H  4 

•4  4  «4 

4  4  PM  4 

4 

4 

4 

4  4 

4 

4 

-f 

4 

*“• 

4 

fO  O' 

.3 

.0 

.5 

6 

.3 

.? 

7 

0*  O-  <n  <*1 

4 

o 

•45 

4  m  O' 

© 

43 

4) 

in  r*- 

O' 

4 

4 

© 

O'  4 

4  © 

©  O'  O'  © 

4>  tn  4  4  4 

o  co  4) 

4 

<SJ 

O  © 

r- 

© 

f- 

4 

4 

4 

O  *4 

H  4 

4 

4  —4  *4 

4 

4  PM  —  .4 

4 

4 

o  o  o  o 

o 

o 

O' 

* 

O' 

eg 

<91 

n 

eg 

pH 

4  pH 

•4 

4  4  pH 

4 

PH  pm  H  4 

4 

4  4 

*• 

4 

4 

pH 

4 

4 

43  41 

.6 

.2 

.0 

O'  O  eg 

O' 

O  4  41  4 

4 

P*» 

41 

4) 

O 

41 

O 

f91 

43 

evj 

4 

4 

o 

4>  O' 

H  4 

4) 

©  4  © 

41  41  4  <91  eg  4 

o 

©  ir 

m 

OJ 

O  O' 

© 

4) 

>0 

<91 

<91 

PM 

o  O  *4  4 

4* 

4  '*  4 

PH 

4  pH  pH  -H 

4 

o 

o 

O  O 

o  o 

O  O' 

O' 

O 

(M  <91 

(9* 

<SJ 

4  4 

4  4 

•4 

4  4  pH 

4 

4  4  pH  4 

4 

4 

4 

4  4 

4 

4 

4 

4 

4 

PH 

4 

.0 

.5 

m  4 

N 

.6 

.5 

7 

4  o>  ©  o  <<i  4 

© 

■0 

4 

©  r** 

4 

r» 

4 

O' 

<91 

41 

41 

p 

4  m 

4\  4 

O' 

0  4  4 

NHhhO 

o 

© 

I*- 

>0  in 

<91 

4 

o 

© 

<9“ 

41 

4 

4 

O' 

o  o 

o  o 

O 

pH  >4  4 

4 

4  4  4  4 

o 

c 

o 

o  o 

c 

o 

o 

O' 

O' 

O' 

eg 

<91 

<91 

4 

4  *4 

** 

4  4  pH 

4  4  4  4 

4 

4 

4  PH 

4 

4 

4 

4 

p4 

PM 

pH 

.0 

7 

4i  4 

4) 

.0 

3 

3 

(91 

©  o  m  o 

4 

O' 

(<1 

4)  m 

os 

41 

4 

4) 

© 

<91 

© 

© 

pH 

4  qj 

O  OJ 

4 

©4  © 

© 

D  O'  ®  ao  4 

45 

H> 

©  4  in 

4 

O' 

© 

r- 

43 

O' 

a 

o 

r- 

O'  O' 

o  o 

o  o  o  o 

O 

o  o  o  o 

O 

o  o  o  o  o  o 

O' 

O' 

O' 

O' 

4 

eg 

eg 

4 

•4  4 

PM 

4  4  4 

4 

4  PM  4  4 

4 

4 

4 

4  4 

4 

4 

Pi 

4 

PM 

4 

41  N 

4  O' 

eg 

«*  o  4 

o 

m  ©  4  eg 

•n 

rg 

o 

©  O' 

4) 

4 

o 

O'  41 

© 

41 

® 

© 

r- 

•n  4 

®  O  fU  m  -4  41 

Ul 

©  ©  H3  © 

41 

41 

4 

4  m 

eg 

4 

o 

© 

e- 

4) 

f- 

20 

© 

41 

O'  O' 

O'  o  o 

o  o  o 

o  o  o  o  o 

o 

o 

o  o  o 

O  c 

o 

O' 

O' 

O' 

eg 

eg 

4 

*4 

•4  4  pH 

4 

PH  pH  4  4 

4 

PH  4 

4 

4 

4 

4 

4 

PM 

4 

OD  4) 

41  41 

4 

.5 

.9 

.0 

4 

4  (H  ®  <P 

© 

O' 

o 

4  tn  tn 

o 

eg 

4 

4 

r- 

4 

4 

4 

4 

(91  41 

43  © 

o 

4  M  4 

4 

^  4  <*3  *n 

i*T 

(SI 

iN 

ru  4  o 

O' 

r- 

41 

41 

(91 

© 

© 

O 

<91 

O'  O' 

a  O' 

o 

o  o  o 

o  o  o  o  o  o 

o  o  o  o  o  o 

O' 

O' 

O' 

O' 

4 

eg 

4 

4 

pH  4  pH 

4 

4  pH  4  4 

iH 

4 

4 

4  4 

4 

4 

4 

4  O*4©<nootnooo4iooooouioo©4iooooo 

2wIlA-0>J3ON-0O^HOOmOONOO^HOO<T'O  •  _j  ►-  _j  •<  0<X 
UJflf^OOO^»»«,,*NNf,'^lA-0*  •  •  •  •  •  •  •  •  •  •  o  a,  j  2  (O  STtt. 

*->  u.  •  ■  •  •  •  •  •  •  •  •  ♦  •  •h^wnn^'J  ^  o<o-«  i/i  z  a.  o  <  o 

<  a.  (Du 

a  k 


4  fT)  el  f 
Cl  O  O  (C 


>  KMA  H 

n  Cl  N 


a.  4  -j  m*, 

</)  J  Z  (D 

-4  Z  &  O 

O  a 

5XII 

3  D  O 

till 


X  K  4  X 

4  <  4  4 
X  X  X  X 


THfc  FOLLOWING  CONDITION  HAS  BEEN  A0DE0  TO  THE  W60I  0ATA  BASE 

BASE  ID  L0  DATE  ENG  MDO  ENG  NO  STND  C  DBS  C0RR  TEMP  HON  TT I  TIME  BARM  WD  MV  RUN 

36A  15  250  02/2B/7V  J T 80  -17  000372  X31A  3  7530  7741  77.0  70.0  31.0  827  30.02  S  1  2351  H  01923  JT8D-17  REF  SPLITTER  B/L»DC9  R! 

V  50EG  CANT  NORTH  GP150RA150.174* 


2351  H  01923  JT8D-17  REF  SPLITTER  B/L.0C9  REV  5DEG  C ANT  NORTH  6P1 50RA 150. 1 740 


o 

<N 


O 

o 


o 

O' 


•OOcDt?^»N®0' 

O  eg  ir»  3>oO'0‘OO<Dg0trv4’"4O'O«>xir\O'rgeg 
r-occDao<x3vOX«coDxcoaja3ccco®p^r-r^-0'Oir^^' 

flOCDlMDOnHOHiNrg^ieiN^cDiviNH^CDO^ 

o<c5'*-<niri^hhr*“N  o  4  o  <■*  o 

f*-r*-r“X®m®xacx®xco®®XNr^r^f^<!'Cir\^ 

ei  o  r*-  0'moo440ego0ao 

if)  <0  A  O  m  IM  f**  4  ©  CD  fO  OX 

r'-r-r-®®«;aaxocxaDX®cccooor«-f-r-r‘*o-ou'<,f 

^o^eop*N^^i^rtNNH«>3‘Njw\j®irofi«' 


^OpMomoo^oooi^ooooo^ooo-nooooo 
2UlI<\0#Ol'J>CO‘f'^OO^OON^Oin«OOflO  • 
UiSKOOO«RFR*R(MNm^^40  •  •  •  •  «  •  •  •  •  •  O 

o  u,  -  •  •  •  •  •  •  •  •  •  •  •  •  ^  (TOCDH 


lf\  ®  ®  00 


O'  M>  V>  4* 
a  o  o  o 


^  4  4  m 
O'  o  o  o 


in  <»i  eg 

O'  O  O  O' 


m  o 
O'  C  O  O' 


a.  j  z  ® 
w  z  a.  Q 
•<  a 
O 


4  o 
eg  • 
O 


4  O 
eg  • 
O 


4-  O 
eg  • 
o 


<  O 

00  o 


PNLT  ( INTEGRATED)  =  115.52 


2351  M  01923  JT8D-17  REF  SPLITTER  B/L.0C9  REV  50EG  CANT  NORTH  GP I50RA 130. 1790 


<1 

o 

4 

OD 


O 

o 

m 


S  UJ 

~  o 

£  g 

o  ~ 

Z  b- 

o  -i 

o  < 


o 

Uj 

o 


oocMrmfno^wcCh-ff  p-  eo  ®  ® 

OOONrtOHHNff‘-0rtrt(hMfl^K%^O'#irN»,«  **  4  4  CM 

O'(^9‘^»aff'^'>XflDflD0D^rfcf«-^^i/>ir«fmN  O  O  O  O' 

M 

^  o  r-  4  r-  >r  * 


4  o 

M  • 
O 


o 

• 

9 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4 

• 

CM 

• 

tr\ 

o 

#•»  m  m  <n 

•n  r» 

to 

•C  ft) 

p** 

O' 

© 

cn 

o  P- 

4 

O' 

*n 

00 

ro 

© 

4 

P* 

m 

o 

O' 

r» 

O 

*+ 

OD 

O' 

O' 

O' 

o 

o 

o 

O' 

O' 

O' 

O' 

ao 

ao  03 

CD 

p* 

r- 

*0 

© 

in 

in 

4- 

m 

pH 

o  o  o  o 

pH 

•** 

** 

O' 

<6 

3 

2 

6 

p*  CM 

e 

aa  m 

cm 

»Tt 

ao 

O 

o 

® 

* 

O' 

m 

o 

O 

®  o 

O  O  O  i-« 

4 

o 

m 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CM 

• 

4 

9 

cm 

«A 

© 

© 

CD 

00 

ID 

p» 

cn 

•>4 

O' 

© 

4 

r- 

* 

o 

4 

o 

fO 

cm 

r- 

PH 

PH 

o 

o 

ph 

CD 

O 

O' 

O' 

O' 

O' 

o 

O' 

O' 

O' 

O' 

O' 

ao 

CD 

00 

cc 

p* 

<0 

© 

© 

m 

4 

CM 

o 

pH 

P4 

O' 

PH 

•* 

4 

DC 

ph 

cn 

<n 

«n 

© 

m 

o 

03 

© 

m 

O' 

© 

cn 

® 

O' 

© 

4 

to 

O' 

pH 

4 

CM 

© 

CM 

CM 

cn 

4  O 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4 

• 

• 

• 

• 

• 

• 

• 

• 

CM 

• 

4 

o 

04 

© 

03 

CD 

O' 

O' 

ao 

m 

4- 

m 

o 

CD 

© 

cn 

o 

p* 

m 

cn 

® 

© 

tti 

r- 

CM 

CM 

o 

o 

p< 

CD 

O' 

O' 

o* 

O' 

O' 

O' 

O' 

O' 

o 

O' 

O' 

O' 

ao 

CD 

® 

© 

p- 

P- 

© 

© 

m 

4 

t*y 

o 

** 

pH 

o 

po  *r  a- 

«n  •  »  . . . 

cn  cowniftea-frtD^-oiA^NOaiflwo^N^^rtO 

*4  ®a>0'00'00'0000'0'0‘0®®®®P*P“.0  ©  in  4 


M^IAO 


P*  <M  CM  pH 

o  ph  pm  o 


Nf  o 

CM  • 

o 


8 

6 

m  cm 

2 

7 

0 

3 

m  in 

4 

n 

*■9  m 

CM  O' 

4 

n 

>0  fO 

O'  4 

in 

in 

f*  r*  n 

4 

O 

o 

•  • 

9  9 

9  9  9  9 

9  9 

9 

9 

9  9 

9  9 

9 

• 

•  • 

4  • 

4  4 

• 

4  4  4 

CM 

4 

<n 

4  O 

*+  4 

•o  ^  ®  r* 

>o  m 

4 

m 

!M  O 

®  <n 

X\ 

o 

'O  CM 

®  m 

4 

© 

p*  H  O 

o 

pH 

®  © 

O  O 

O'  O'  O'  O' 

O'  o 

O 

o 

O  O' 

®  ® 

® 

® 

P»  P- 

•o  >o 

m  4 

o 

•H  PH  pH 

4  O 

m  -4 

e 

s 

6 

Z 

0 

8 

XI 

® 

8 

7 

in  cn 

4 

O' 

7 

2 

©  O' 

5 

7 

r*- 

5 

5 

7 

4 

o 

o 

•  * 

9  9 

9  9  9  9 

9  9 

t 

9 

9  9 

9  • 

9 

4 

•  9 

4  4 

•  • 

4 

4  4  4 

CM 

• 

a 

^  4 

o  ® 

o  p*  CM  CM 

m  cm 

CM 

o  o 

®  D 

4 

^  ®  4  o  m  ®  P- 

CM 

O  O'  ® 

o 

D  ® 

[i  i  m  O'  O'  CP  Cr 

O'  o 

O 

o 

O'  ® 

®  ® 

® 

«ppp© 

n  4 

O 

O  O  O' 

PH 

pH  — H 

m  CM  O  4 

0 

0 

5 

e 

<M  rg 

4 

4 

0 

2 

CM  P- 

P-9 

pH 

9  ®  o  in  ®  O' 

pH 

0 

0 

0 

4  O 

o 

•  9 

9  9 

9  9  9  9 

9  9 

9 

9 

9  9 

•  9 

9 

• 

4  9 

•  4 

4  4 

4 

4  4  • 

CM 

4 

PH 

®  o 

~  4 

m  p-  O'  o 

o  o 

o 

O' 

O'  « 

p*  m 

4 

CM 

®  4 

•H  © 

O  O' 

o 

©  ®  P- 

o 

pH 

p*  ® 

®  CD 

®  CO  ®  o 

O'  o 

O' 

® 

00  ® 

®  ® 

® 

® 

P-  P-  p-  o  »n  4 

O 

O  O  O' 

** 

PM  PH 

o  ® 

o  m  >o  O'  4  m 

®  o 

o 

6 

6 

®  -• 

O' 

cm  cn  o 

0 

1 

9 

6 

cn 

2 

2 

7 

4 

o 

o 

9  • 

9  9 

9  9  9  9 

9  9 

9 

9 

9  9 

9  9 

9 

4 

4  4 

4  9 

4  4 

4 

4  •  9 

CM 

4 

o 

©  ® 

O  CM 

cn  4  4  P- 

p»  r~ 

® 

N 

P*  o 

n  n 

n 

(M 

0  m 

'M  ® 

-H  CM 

© 

P*  r*  »n 

o 

pH 

p“  p“ 

®  ® 

®  ®  ®  ® 

®  ® 

® 

« 

®  ® 

®  ® 

® 

® 

p-  r* 

P*  o 

©  m 

o 

O  O  O' 

pH  pH 

4  cn 

1 

2 

2 

0 

3 

5 

9 

3 

0 

3 

6 

6 

9 

0 

CM 

4 

7 

9 

©  -H 

o  n 

CM 

7 

7 

4 

4 

o 

o 

9  9 

9  9 

9  9  9  9 

9  9 

9 

• 

9  9 

9  9 

9 

• 

•  4 

4  4 

4  4 

4 

•  4  4 

CM 

4 

O' 

m  p* 

®  O  <M  i«i  4  >n 

tn  4) 

4 

m 

m  t 

CO  CM 

•4 

9 

<0  CM 

O 

r*  ® 

c 

C  C  (Ci 

o 

r*  p* 

r*.  ® 

®  ®  ®  ® 

Xi  <r 

ro 

® 

®  ® 

®  ® 

® 

P- 

P“  P- 

•o  o 

m  4 

o 

o  o  o 

p-3'MO'noomooom  oooootf'ooomoooo© 

2UiliA««0N«0V>pi00in00<M^0iAM00.f)0  • 
aj  0C  ^OOOHHNPgN^'tiTO®  •  •  •  •  •  •  •  •  •  •  O 
UIL«  •  *  ♦  •  •  •  •  •  •  •  •  • 


tt.  J  2  OD 
v»llO 

•«  a. 

o 


a  * 

5S 


105 


PNIT  I  INTEGRATED)  *  119.86 


o 

♦ 


O  p 


OJ  2 

at  o  ► 

3  •*  »- 

>  V>  K  >-» 

wgn 
O  UJ  uj  O 

U I  ft  ft  J 

»-  u.  a.  ^  uj 

O  Q  > 


UJ  X  O  g 


MX  X  Z 

z  **  ft  *4 

-4  #-  ®  X  X 


a. 

o 


x 

►» 

9 


O 

VU 

o 

m 

> 

UJ 

ft 

a* 

u 

o 


t 

i/> 


ft 

X 

x 

X 


i 

a 

« 


o 

N 

3 


**•  * 

•  *  * 

* 

*4  0 

B  4|6 

m 

1  1 

o  V 

ro 

<M 

1  r- 

M 

o  *- 

NK4 

®  m 

•  \ 

»» 

ft  * 

a  ° 

H  N 

n  a 

O 

o 


u> 

3 


ft 

o 

<AJ 

4| 

u. 

ft 

ft 

O 

o 

®  ft 

• 

• 

®  m 

1 

m 

m 

m  m 

m 

®  <c 

® 

o 

N 

a 

M  * 

X 

UJ 

1-4 

UJ 

ft 

«J 

O 

ft 

UJ 

o 

O 

UJ 

5 

K 

X 

O 

UJ 

X  a. 

ft 

M 

UJ 

a.  ft 

ft 

o 

PC 

ft 

ft 

z 

5 

o 

O 

ft 

K 

X- 

a  m 

o 

X 

w 

UJ 

oc 

►4 

>  o 

V 

UJ 

Ci 

ft  UJ 

41 

&. 

►4 

UJ  ft 

o 

x 

5 

m  ft 

UJ 

3 

®  o 

UJ 

X 

O  VJ 

'i 

PC 

UJ 

a. 

Ul 


QC 
-#  OJ 
M 

i  2 


85. 


21  JO 
«#  m  2  uj 

*s^: 

uj  <J  J  Q 


S 


O 

* 


•lOOTi-fJN-fJS^o^^^fvj-uof^oaaor^r-®  a)  ^  rtm  *  m 

•  ••••  —4  • 

®h-«or--o<N®<04>mmmmf**m*>..4  00«mu*ffc®  -?**«*  o 

OOOOOO*******^*  *>*>®«acDao  •<  H  ^  O 

h4  H  ^  ^4  H  H  H  ^  H 

-irt«Nn^#®oprtN*o>No»^rt^o-JN  <n  *4  *  m  u>  rw 

•  ••••••«•••••••«••••••»*  ••«•  H  • 

®  ®  *.  ®  ®  <♦  **  o  *  >  r- ®  .*  ft  r>  <*  <\j  o  o  ®  «o  r*  ®  r-  m  o  *  ®  o 
aooooooo*****>>*>*>ao®ao®® 

H  H  M  H 
N  ®  ^  ft  *  M 

•  •#••«••••»•«•••••••»*••  ill*  *4* 

niflhh  oiftNHO>«h  >o  m  ft  ftmojN4*^®*co  moo®  o 

OOOOOOOOO**********®®®®®  HNNO 

■j«4il«aHH<4»4M  H  <4  H 

m  ft  c*  -4  p>  n 

•  ••*••««•••••*♦•*••»••••  *  •  l  •  H  • 

Nftmmftft<noj*4o>«r-'Ommft<NjMo®®o>  <j  h  <4  h  o 

OOOOQOOOOQ**********®®*®  HNnO 

NH44#Ji44  J4»l  H  N  «l  <4 

cn  ®  m  im  *  ft 

•  ♦  «•*••*  •  •  l  •  •  •  I  •  »  •  •  l  •  •  •  •  I  •  I  I  »4  * 

**4c>jMm<nN^4ftO>®r-*“'Omftnmo®f**o*  m  «-4  ^  O 

»eoooooooo»»»»»o>»-9'»»««»a  hivno 

1  r4  #a  h  «l 

<r).4**®a-4r-*o>0'n®*i*'Nmwo‘<Nm4i®  mam*  *  m 

•••••••••••••♦•••••••••I  till  *4  I 

f*»**0~'Nfg»4’"4#-l>*®P»®®m**«4***4«>4  04  (4  44  r*.  o 

»»»ooqoooo»»»»»»»»tn«fj  hnno 

^4  — 4  *4  *4  .-4  *-4  M  M  0»  M 

>r*-f^ftcomri--(MOOf,,-M4«-4ft*f*>Mm.-4f»».^r»>‘®>  oj  ft  ru  ®  *  <M 

•  '*••«••••••••*•»«•»•*••  i  i  i  •  h  • 

N<Mht)»^OH43“^oNO'OU|  *  ft  <-•  O  O  N  4>  -4  —  M  0-  O 

>**>***000**0*  >  >  O'  ***>*>>  4  O 

-4  M  0*  *4  44  **  »* 

^prtO'MP-^a>l|0«^H4'4(>1ti*4(»HG0i»N-»  *  a  ft  m  *  * 

•  •  '  *  *  *  *  «  •  »  *  *  *  •  •  •  "  4  •  •  •  »  »  •  •  •  *  •  #4* 

O^nm'O-ONf-sooao^o-  o  o  m  tr>  m  ^  o  m  f*>  >  «*  4*  r»  o 

**********>*****0'*******  ON  NO 

•4  M  04 

HamfflfnwNN^ooifl-jpi^^  ^4<ftoaar>*'<Nm^  m  tx  o  m  *«x 

•  •••••#•••••••••»•••••••  ••»•  #4  I 

**«*oi*mmm®®®«®mmm*#f*»4o<,o6®  s  o  o  ®  o 

a®  **********************  on  NO 

4M  4  4 

«xo«4<x*OJta*‘NO^*^-*m**^o-rfc(n®r^*®  *  in  n®  <n  <m 

•  •••*•••••••••••»'•••••••  ••••  N  • 

N^OHNt(^^>nO<ft^(n^t.rN<4OC0O^\  4  ®  ®  ft  o 

®®>>>*>>*>>*>>****>>®>*>  0440 


»»0'xomoomooomooooomooomooooo 
zuizm®®orx®om«-400fnoo(x®om«-«oofno  • 
W«  0004H4NNW4«<«  •  •  •  •  •  •  •  •  •  •  o 

»j  a  »  *  •  •  •  •  •  •  •  •  *  •  •  ••4^4NNrt^in^j»H 


a  pc 

59 

a  o 


o  ®  ft 
fs  m  « 


®  f*>  o 

«  N  W 


a.  m  o 

"S* 

ft 

ac 

O 


»/>  ji 
Q  O  . 
a.  a.  *- 

t  x  J 

o  o  z 
o  o  a 


«-•  m  <M  ® 
fn  «  m  ® 


n  h  4  n 
«  N  NO 


I  M  N 


a.  t-  -j  ft 

m  -j  z  ® 
<z£  o 
o  a 

*  55§ 

Xt  Cl 

M  N  M 
K  X  X  X 
<  <  <  < 
cxcc 


The  following  CONDITION  has  been  aooeo  TO  the  M601  data  base 

base  ID  CD  DATE  ENG  MOO  ENG  NO  STNO  C  06$  CORR  TEMP  HUM  TTI  TIME  BARN  HO  HV  RUN 

1*9  I*  iSO  03/17/79  JTBO  -17  372-69  X316  3  6388  6556  77.0  70.0  33.0  953  30.65  NN  6  2359  H  02075  JT8D-17  5M  MXR  N/  SHIMS.  DC9  Rt 

V  SDEb.  CANT  NORTH  GRiS0RAl50^i760 


2359  rt  02075  JT80-I7  5M  HXK  tt/  SHIMS,  0C9  REV  50EG.  CANT  NORTH  GP150RA 1 50. 1 740 


i 


* 

• 

1 A 

o 

© 

o 

© 

(A 

*A 

** 

Ui 

Ui 

N 

N 

ac. 

O 

© 

z 

Ui 

© 

o 

U4 

o 

o 

»- 

e 

T 

*"« 

2 

** 

o 

2 

K 

Ol 

© 

o 

J 

-1 

** 

u 

< 

o 

z 

o 

o 


o 

o 


•  ♦••••*•••••••••*••••••• 

r-iao«NNr^p*h-  '0«<0'0'6<6tfNtAio  t 


4- 


O 

* 


f*-  o  *o  >*  o-*r*'-*rf>tfNr-«OfOc«»N.r\oco<Of-oi.o® 
>ON 

©  o  ©  »o  »/>  »*w 

f  <  O  i/\  J1  ifl  o 


•  •««•••••••»••••••*•••• 

>P«O|f«l,#'#.rtf\tAtf\,#'#04  04i-4Or*n*4©f»lA^ 
<o  a*  f*  *••  f*  o«<o^ia^<a<# 

0‘00-or-'A«*A«>‘n^o^^^o4'#,floOiMfN.»o 

•  ••••*••••••••«•••#•••• 

•  0*^NI««W  -t  ^(fiNN^OOW^fna^^^iA 
©r-r-^r-^^r'-Nf-o-r^f-r-f*.  ©  ©  ,0  ©  «©  sn  wt  t 


*\  4  ©  « 


24  ** 

00  f- 


•  *  •  • 
®  O  O  *> 
•  ®  ®  h* 


•  •»•••«»••••••»•#•••••• 

(OONNO»MA4NH^eo«tN>lANiAO40 

r^®®ar>oor-r»r-f^^r>“.o©©NO'Oi©«©tr\<4.4-»noj 

OHhNo^O'0'*'<Mn^'tffcMWN®h®^hO^ 
•  •••«  •  •«••*•••»•»••••••• 

©0»*^*©00h>  'O  <t(nHO«DhVt(MBlA»lAQ>rO 

r»00®«f»r*^r»r»r>rbr-^'P'OO(A«A-#^#(<)rv 

I  >  *4  +  o  ^  M 


+  +  *  + 
•  III* 

«  »HOf- 

•*  ®  o  o  K 


^4h40«**QMA4iMn9A«K>A9>«4^0^ 

tf>  ••••»  1  «  t  •••»«•»  t  •««••  t  • 

r*> 

^  f*  r*  a»  r*  ©  n-  r*  r*  r»  r-  i*  p*  r*  f-  *  <o  -o  ©  k\  *a  #  +  m 

^(«>NN-0  4“  *O-0#O>A«©®O4O<A*4~«Otf 
o  1  *  •  (I  «  »  i  *  «  I  *  •  1  I  »  I  •  t  1  »  1  •  »  1 

O  ••#••#•••  **^^**9**9*#0#k 

N  M)Kt^iAKNh0«ah44lt(VO«^(n«®f4(DQ 
*■«  f»  f  r*  r- k  o*  r*  o*  N  f*  ^  ^  h- 1*- K  ©  .0  ©  a  *>  *>  *  * 


I^no 

CD  O  O'  © 


O'  m 

•m  • 

o 

en  m 

M  • 

o 


m 

N 


O  M  N  O 
©  O  O  0* 


Nrt  «  « 
•  •  •  • 
0M*»  N  O 
«  O  O  * 


o>  *>  o  -« 

i«it 
«  #«<N 
0D  O  9>  00 

♦  O  K  .N 
•  •  •  • 

•  *  *  <A 

©  o  o  » 

**  o  *  o 
•  •  •  • 
«*  *  (A 
©  O  O  © 


*A  ♦  0%  N 

«  O  O  © 


IA  «4 
M  « 


»  * 

P4  • 

o 


o  <*» 

f4  • 

o 


O  A 

*4  • 

© 


fn  fn 
04  • 
O 


m  ♦ 
04  • 
o 


U4  •  0+ 

H9»40<nOOi0OOO«nQO0OOiAOOO«\O0O0O 
lUjfA<«ON®O^^OOmOON®OiftwOO«5  • 
wqc^cjooH^^^^mtiA®®  *  •  •  •  •  •  •  *  •  •  o 


u  u. « 


JK  J  <  oc 

S*f§  5S 


1 


107 


PNLT  I  INTEGRATED)  *  103.0b 


235V  H  0207V  JT80-I7  SM  HXR  N/  SHIMS,  DC 9  REV  5DEG.  CANT  NORTH  GHI SOMA  150. 1740 


o  *4  4 

o  4  *  z 

.  3)  • 

—  o 


3  ph  n- 

>*  X  ^ 

X  <  t/>  u 

X  Q  oiojO 

uj  aC  QC  -J 

h  U.  &.  H  Ui 

O  Q  > 
* 

ojojXOO 

Jt  QtZ  I 
Z  —  < 

•**  K  9  X  X 


o  e- 

•  x  *h 

•i  x  oo 

X  x  x 


Oi 

x  or 

a c 

cc 

D 

a 

> 

O  UJ 

4 

UJ  *- 

a C 

ph 

>  u 

UJ 

a 

ar  uj 

X 

►h 

UJ  tc 

Z 

X 

V>  X 

UJ 

3 

®  o 

fr- 

X 

o  u 

f-  ff*  •  4  O 
^  4)  ®  ^  ^ 
I  I  3  P  \ 
in  l  r- 

Q  f-  -H  *  p* 
t>  X  •  V 
**  4  *A 

^  N  O 


z  z  ->  a 

-  -  Z  oj 
iJ  O  -I  4  ^ 
rz  4K  < 

uj  oi  o  X  O 


«e  eg 

f-  x  x 

>r 

PH  O' 

*h  x  in  x 

eg  O 

x  m 

O  rg 

X  fH 

4 

o  X  rg  4 

x 

• 

• 

• 

•  4 

• 

•  • 

W  • 

*  •  •  • 

• 

• 

•  • 

•  » 

•  • 

• 

•  •  •  • 

x 

®  00 

9 

O'  O' 

*n 

pH  9 

<x> 

®  P- 

x  x  in 

X 

m 

<v  <v  O  ^  X  X  X 

r-  pH  PH  X 

pH 

oooooooo 

O' 

O'  O' 

O'  O  O  O  9  9 

9  9 

9 

pH  in  rg  O 

pH 

»H 

04  v4 

H 

H 

pH  pH  pH  p4 

h  H  ^ 

CO  o 

o 

O'  O' 

O  nj  fN- 

X  x  o  X 

»  m  o  ->  ■«■ 

O  rg  h- 

ooxo 

o 

• 

« 

• 

•  • 

• 

•  • 

• 

•  • 

•  •  •  • 

• 

• 

•  • 

t  • 

•  • 

• 

«  6  •  • 

X 

^  coaoc^irw 

<N  O  O' 

9  h’  X  X 

X  4* 

m  pi 

O  9 

f*-  «  N 

I**  eg  rg  9 

04 

o  o 

o  •*  o 

o 

o  o  o  o  o 

O  O'  o-  o 

O 

o 

o  o 

O  9 

9  ® 

9 

ph  eg  rg  O 

pH 

-H 

04 

0*  04 

04 

04  PH 

PH 

~4 

pH  pH  04  pH 

X 

O' 

H 

x 

®  r- 

o 

X  o  ^ 

nj  pH 

PU  X  X  o 

X  X 

rg  f- 

X  X 

O  X 

X 

X  X  O  X 

4 

K 

O' 

O  ao 

9 

IN 

HO»«Bhh 

X  X 

4  4 

O  9 

9  O 

9 

f*  <*>  m  9 

pH 

o 

O 

o  o  o 

O  O  O 

o 

o  o 

O-  O'  o  o 

o  o 

O  O 

O  9 

9  9 

9 

HNftjO 

H 

PH 

pH 

pH 

pH  »H 

04 

pH  pH 

pH  pH  pH  pH 

4 

e* 

x 

n  n 

O' 

®  m 

't 

ru  in 

4“  41  X  PH 

X 

4 

° 

r-  o 

^  °I 

4 

X  MH  n 

5 

re 

x 

f* 

X 

n  4^  *n 

rvi  04 

0  0  9  9 

r- 

X 

X  X  pH  O 

O  O 

O 

X  r"i  x  0 

Vi 

o 

o  o 

OOOOOOOOOOO'O 

o 

o 

o  o 

o  ® 

9  9 

9 

hnnO 

pH 

04 

04 

pH  04 

pH 

•H  pH 

0* 

04  0* 

pH 

pH  04  pH  pH 

CO 

x 

T* 

X  pH 

o 

X  0 

X 

9  f- 

O^XO 

4 

H* 

-H  X  fn  ro 

O  9 

X 

9  ph  rg  O 

s 

pH 

re 

X 

n  x 

X 

in  4’ 

(A  <N  pH 

O  O  6  30 

30  K 

x  *a  04 

a  o 

o 

X  X  40 

»H 

o 

o 

o 

o  o 

OOQ 

a 

O  O  O  O  O'  O 

O  O' 

o  o 

O'  O' 

o  o 

o 

ph  eg  eg  ph 

—1 

pH 

04 

pH  -4 

pH 

•H  pH 

04 

04  04 

-4  04 

H  H  H  H 

ee 

4 

•r  - 4 

«n 

X  0* 

•0 

<N  -t 

r»  o  o  ■n 

X 

4  O 

X  X 

N  9 

o 

9  m  O  N 

re 

O'  6 

<*g 

*  -r 

X 

Z  m 

m 

rg  pH  O  O  0 

®  r» 

X  X 

(A  04 

PH  pH 

<N 

4  4  J*>  O 

9-0000 

o 

o  o 

o 

o  o  o  o  o  o 

o 

o 

o  o 

O  O' 

o  o  o 

ph  eg  eg  ph 

04 

04 

pH  04 

pH 

pH  pH 

04  04 

pH  *H 

04  04  04  pH 

<*) 

O' 

•0 

04  n 

<V  «N  <N 

o 

rg  ph 

N  JJ  rt  (? 

r i 

4 

4  O 

4  9 

r-  4 

(N 

h*  O  ^  4 

<N 

4  X 

r* 

o  6 

-H 

04  04 

.N 

rg  pH 

O  O'  O  9 

9 

f"- 

X  X 

m  -h 

OH  (N 

fO 

rg  m  rg  > 

9 

O' 

0* 

>  o 

o 

O  O 

O 

o  o 

o  o  o  o 

O' 

o 

o  o 

o  o 

O  O 

o 

ph  rg  N  O 

0* 

04 

H  pH 

pH  04 

pH 

♦H  ^  PH  »H 

in 

o 

■c 

X  9 

* 

»  <4 

- 

<n  > 

m  n  o  9 

X 

o 

m  o 

9  X 

X  rg 

rg 

rg  O  X  9 

04 

re 

4 

X  f- 

9 

9  O' 

o 

o  o 

O  9  9  r* 

X 

0  X 

4  rg 

CN  X 

X 

ph  is  rg  9 

O 

O 

> 

0-  o 

O' 

O  O' 

o 

O  O' 

O  O  O'  o 

O 

> 

o  o  o  o 

O  O 

o 

pH  eg  og  Q 

pM 

04  04  M  04 

<n 

9 

o 

in 

X 

X  o 

n 

m  r- 

9 

ffi 

4  X 

X  4 

r»  o 

rg 

r*  ^  x  9 

o 

O' 

O 

<"0 

^  n 

X 

x  r- 

fH. 

9  K 

^  c  x 

X 

X 

X  X 

X  rg 

fA  X 

X 

04  04  f* 

04 

CS  O' 

0* 

o  o 

o 

O  O' 

o 

o*  o 

o  o  o  o  o 

o 

o  o 

o  o 

o  o 

O 

O  eg  rg  0 

pH  ph  04  ph 

o 

pH 

• 

04 

• 

O' 

• 

O  N 
•  • 

N 

• 

rg  O' 

•  • 

<N 

• 

O  X  O'  X  X 

•H 

• 

<N 

• 

-H  4 
•  • 

r-  pH 
•  • 

o  fp- 
•  • 

o 

• 

n  O'  e-  re 

ii»i 

cOO«M^^^>fl'Or*-6^ifnr  n-<JiA  4  “e  ph  O  O  X  eg 
900>000000>0>00000'0000'00 


X  O  O  X 

o*h  **o 


f*  4  o  o 

CO  *H  eg  <N 
•  •  •  • 
ft  4  o 

ph  N  <N  pH 


X  >-  J  4 
-0  J  /  CD 

<  Z  0-  Q 

o  a 

§555 

trie 

*4  M  M 

X  X  X  X 

<  <  <  < 

exit 


*-  O  *H  O  ^  O  O  n  O  O  O  X  O©  OOOXOOOXO  OOOO 

ZiltK'<«ON'0OifHOOl»'0ON-0O^',,OO<nO  •  -J  K  .J  <  O  OC 

uiqc  rfooo^^^  j  eg  x  4  x  o  r>  *  *  •  *  •  •  •  *  *  •  o  a  j  z  s  z  qc 

O  U_  —  •  •  •  •  •  •  *  •  •  •  *  •  i/»ZXO  4  O 

<  a  coo 

o  ►— 


108 


FOLLOWING  CONOITION  has  BEEN  ADDED  TO  THE  M601  DATA  BASE 
ID  LD  DATE  ENG  MOD  ENG  NO  STNO  C  OBS  CORR  TEMP  HUM  TTI  TIME  BARM  WO  MV  RUN 

3  250  03/17/79  JT 80  -17  372-69  X3I4  3  6631  6aI7  77.0  70.0  31.0  843  30.44  N  4  2359  H  02074  JT8D-1?  5M  MXR  M/  SHIMS,  DCV  Rt 

V  5DEG.  CANT  NORTH  GP150RA150 . 1740 


23*9  M  02074  JTS0-17  5M  NXR  4/  SMlHS ,  DC9  REV  50E6.  CANT  NORTH  6PI 50RA 1 50 . 17 


44,«D<A<0<uaN^rHPNOiTiroirwi<MN'rrBo 
O  O  O  r-  0>  N0h^0^W0^«0 

M>«ir>f04*"«Of  4fN4<\i©rv«M*r'j©4©44©®0 


ONOIAOOOSONONO 

««••••••••••• 

©4Mor*404©o**®© 


b>  04  <4  © 

tit* 

8®*  ®  4 


o  •  •  • 

OJ  tf>  QM|f^NMQ««NMOr*lrt^Ntt^ONr'OON  «-•  0 

j  «■•  ®aoaour®cof^r*^i,fch*0'0"0-c^>>r4ritn^mm^9  »  o  o  f** 

$ 

*c  <^o4  4>4©0'~*©^»*<>»©4'6f'»rk‘04o<*»©««©  a^fv 

w>  •  •••»••**••••♦••••••••••  ••• 

4  o  4  4  ©  <s»  >  ©  ©  4  ©  **  o  •  4  4  ©  ®  <0  «*  4  •  ** 

#4  f4«0«flO8)Nhh^hri>h44'O4iCiA^^fflNR4  ♦  O'  O' 

•4-  f*  4  ©  ©  ©  <M*-  4  O'  ©  M  4  «  4  ©  4  *4  4  N  *4  f-  4  ©  *0  ir 

O  •  ••••••«•••••«••••••••••  ••• 

*  o  *4  ©  ©  ©  «M  -«  O  ©  4  (A  4-  M  o  O'  0-  4  ©  •*«  f*  ©  O  ^  5 '#■ 

P4  h40O0««hhf»hrkKr44'O44Ail>44AN  O- 

iw  ©  ©  ©  ^  ©  c*  «  ©  4  o  ^  4  o  ©  ^  o  o  *  ©  ©  ©  ©  o  ^©4 

tft  #•#•••••••••••••••••••••  •  •  • 

m  •ONNNN«Ot»M<''»n><»«tN«><ll'5t 

•4  f~«o®®®cooo«>r'^H'r-f-r“f-'0-o-a'Onn-»i5N  »»» 

O  i*i|iti»i*i*«tii*i«****t  ••• 

©  ©©OO^-^^OO  0*®^>44N*4®©4**®®<>iN  ^  4  4 

•mi  f*^>p*<&©©cD®©P*f*»r'"P*P»h”^444©©44©  o  o  o 


**  ©  ©  o 

O'  O  O'  » 


«*  ©  4** 
O'  O'  O'  ® 


O'  O'  O'  ® 


(M  ©  ©  O  4  **  ®  O  h- 


0*iNflir*'vi,iiririinrniv«tii’iu'-«™«vnri 

S  «44h»0  0  0^0'®N444NO!*iA042f^J 

OrtONOfl#^«OR*NOOOO<4^0«OON® 

**  o<M©©r“''“^®®0'«^©44^-Nor»©04©© 

r*'f-f>'«f'-r*f'-f'*r-44'0©©©4 

©4P»0©«'*0©4*440  riR44ffc-iO4Ort'04« 


O  O  N  ^  ^  <3  4  4  4  4  ©  ©  4©N»«*®^»©©®©f'* 

©  O  ©  f4  O'  O'  BW4ON^N04Nfv0lft'tfn0^*^ 

(iit*tiitt*i«t**i*i«ii*i 

flOHNKt^  4©©^©4®NM<XOr* 

>cf*f*.f*.r*r*r-^r-K^i*.r*^h-h*^444©*'©4 


hONot't  oo«ooo®oooooiaooo®oooqo 

IUII44®ON4  0lft^OO«OON40lft^OOrtO  * 


^444 

OOO® 


£  4  4  4 
©OO® 


«  ©  ©  4 
©OO® 


f*  ©  ©  © 
«  o  O'  © 


4  4  4  «* 

©  o  o  « 


l<rfOOO»<HHNN«444® 


O  ©  •*  O  ©  ©  0  •  Jh  j< 

•  •••  •  •  «  O  ^  j  {  O 

M  <M  ©  4  ©  4  ®  •<  ©Z*Q 

4  O. 

a 


PNLT  I INTEGRATED }  •  105.10 


O  >  4  4 

O  4  *  Z 


ac  5  ► 

O  4  »- 

v  a  ►  « 

o  a.  5  w*  o  u 

♦  t  0«<ii  o 

k  ui  at  «  -i 

~*  OlLftMUl 

•  o  o> 

©  4  • 

in  4M<  z  o  a 

4  «J  t  CZ  Z 

<  IM  4  M  n 

g  4  4  «  *  ft 


>- 

✓» 

>- 

U 

© 

z 

4 

at 

a 

U 

Ui 

4 

ik 

a. 

at 

• 

o 

O 

o 

■4  AM 

Ui 

• 

• 

•*  m 

1 

o 

eg 

r*» 

O  m 

m 

fO 

«n 

K  p* 

CO 

> 

o 

Ui 

at 

M 

a 

It  H 

z 

at  >  o 

Ui  O  «  44 

a.  h  m  at 

X  X  ^  at 

UI  5  ®  o 

►-  x  o  o 


(VON,"rHh«NQ30  *n  «-4  o  O  m 

m  ••••••«••*••*»••••••••«»  •  •  *  i 

<n  *4*4Nm^H(aif\<t(0NMO^^9'eDOn(ViO9t»a  h  «  >rt  ^ 

*■•  ^^^^^^OOOOOOO^O  CP  9  9  <P  >  cO  ao  ao  oi  rg  rg  4 

,*•*,-4444444444  ^  p4  M  H 

r*'Mt*3('or,»og>.no^p,*#po<j<cooioo4»<v;n/*«o  in  oi  o  m  9 

O  •  '•••••••♦♦♦••*••**•••»•  •  •  I  t  H 

*n  9-*i*>tn4i*3fg<pf*-4‘*>0i40  0  04f-^*tni4©4  oi  f«*  fw  o* 

-•  044444—0000000009999^99®  eg  eg  eg  4 

4444444444444444  *4  4  #4  4 

m9«no*>.g9r-c'g'y3',r'fnnvfl,*oiu’\rM999cgh-  <g  o  <■«*>  4  9  9 

m  •  •••••••>••««••••••#••••  ••••  4 

<*  cD©*3*>fioo<®p-in*fr«oi444o<7'P*'goicg40  NhMv 

m  04444440000000000999990*9  eg  eg  eg  4 

4a—  4444444  —  4—  •«44a—  4  .g  H 


in  4  9  o 

m  m 

•  •  •  • 

• 

o 

eg  rg  rg  4 

-4  — 

*4  *4  4  4 

a.  -i  o 

*n  oi  o  m 

9  <4 

U,£JU 

«  •  •  • 

*4  • 

4 

<M  f-  f*-  OJ 

o 

at 

04  rg  Pg  i4 

O 

H  4  4 

UI 

O  ro  4  9 

9  rg 

04  Ui  Z 

•  •  •  • 

4  0 

►-  P-  4 

NPMV 

o 

4  AH  •* 

«si  04  fg  *4 

to  to 

f*»  9  •  •*  9 

m  a  0  ^  r*> 

I  I  3  *>  V 

N  I  ^ 

O  f*  4  *  4 

•  •  S 

—  *  m 

-»  m  o 


41  ilUl 

ii^3 
-•  4  z  « 
©  ©  4  <  >- 
zz  <>•< 

44  41  o  i/i  a 


6 

5 

0 

CO  04 

•/>  m 

04  0“ 

03  (g  OT 

■o^-o^gHfiisiNgo) 

4* 

>r 

CD 

4 

P» 

Ui 

o 

•  •  4 

•  • 

♦  • 

• 

• 

•  •  • 

•  •  • 

•  • 

• 

• 

• 

• 

• 

¥ 

* 

•O  OP  04 

04  TO  04  -4 

9. 

4  HW 

fPNN0l4O«^3g 

03  eg 

a4 

4 

P- 

0- 

TO 

4 

o  O  *4 

44  AM 

A—  •  « 

0 

0 

0  ©  0 

0  0  0  ©  0  0 

999 

>  > 

a* 

02 

pg 

O4 

4 

UI 

444 

•4  •— 

A—  — « 

a4 

-4 

*4  A—  A— 

*4  —4  H  4  4  4 

4 

4 

4 

4 

04 

rg  *  © 

O  04 

>  » 

O' 

r* 

®  O  > 

0 

3 

6 

8 

6 

g>  >n  r- 

O  £> 

* 

4 

cd  r- 

© 

Ik 

4> 

•  •  • 
4  9 

•  • 

•  • 

• 

• 

•  •  • 

•  •  • 

• 

* 

• 

O! 

*> 

o  <— 

O  * 

p- 

•0  *n  #  g  m  nnh  0 

O  N  in 

•g  to 

M 

0  p- 

r*» 

fO 

at 

•4 

o  o  o 

-4  a4 

**©00 

OOOOOOOOO 

CP  ^  0 

9  > 

> 

01 

04 

N 

4 

•4—1-4 

«4  44 

*4  -4 

#4 

—4 

^  **  “*• 

<4  a—  4  ^  a4  -4 

4 

4 

4 

4 

S 

*4  CO  04 

>■  r\ 

>  « 

> 

<0 

O  *  r- 

ip  0  g  r  43  4 

-0  n  £ 

r-  m  p» 

0 

4 

- 

4 

4 

M  4  4 

P*»  ao 

•  « 

o<  -O  n 

g  g 

<»1 

4  r- 

N 

4 

at 

•4 

O  O  O 

o  o  o  o 

O  O 

000 

O  0  0  ©  0  0 

999 

9  9 

O 

4 

04 

04 

4 

•4  «—  ^ 

—4  — • 

-4  4 

-4 

—4 

•4  H4  -4 

<4  ^4  4  -A  -«  -4 

4 

4 

4 

4 

O'  -4  ■«> 

g>  03 

r»  0 

* 

CD 

OK3k 

a  ®  t  o  4  in 

NO  "3 

CD  4* 

O 

>0 

O 

> 

4 

o 

1  «  • 

•  • 

•  9 

• 

• 

»  •  A 

»  «  A  •  •  • 

•  •  • 

•  • 

• 

• 

• 

• 

• 

4 

«N 

43  cr  4 

■g  *) 

>r  <0 

in 

n 

43  43  g 

>  A'  V  \  -f 

in  n 

g 

0 

0- 

•0 

4 

X 

*4 

*  <*  o 

O  O 

a  0 

0 

0 

©  ©  0 

O  O  O  O  O  O 

O  O 

9  9 

* 

4 

04 

4 

*4 

•4  - 

—4 

*■4  — <  — 

4  44  4  A*  4 

4 

4 

4 

4 

.0 

3 

.0 

rg  <> 

g> 

r* 

^4 

(',  -4  n 

*  ^34  ?  0  fi 

M  9  » 

O  m 

0 

i* 

01 

AA« 

» 

*  g>  r- 

v  6 

-«  M 

Oa 

43 

i*  l  1*3 

M  \  \  4  4  O 

0  ®  <0 

C  4 

r- 

<# 

£ 

<0 

4 

a  ^  ^ 

r  O 

O  O 

O 

c 

©  O  0 

O  O  ©  O  O  O 

0  o-  0 

9  » 

a 

4 

Ol 

*4 

•4  — 

A* 

-* 

*■4  a4 

49  4  AH  <4  -4  <4 

— « 

4 

4 

4 

4 

•#  <n  «n 

<X>  04 

•>  >1 

f* 

t*3  a  9 

*  <r  g  i  4  ,n 

^  n  N 

<0  0 

Oi 

« 

£ 

m 

4 

o 

Huiti 

43  3) 

4  *■ 

0*  6  44  6 

0  0  0  0  6  > 

«  N  4 

•0  ^ 

r- 

04 

4 

4 

4 

■4 

»  ^  7* 

9.  > 

9.  9, 

9  0 

000000009 

999 

>  0 

4 

04 

eg 

4 

4  4  4 

<4  -4  a4  —A  4 

4 

4 

“* 

** 

o  <n  g 

<i>  r- 

r*  m  9 

04 

40  4 

®  ^  O  m  4  O- 

■4  ao  04 

r-  4 

r- 

4- 

4  O 

m 

9 

O  N  ro 

•r  -o 

P*'  x> 

* 

IJ' 

4  /  / 

CSPP®OOi3^ 

*0  n 

>r 

4 

m 

ro 

0 

^  ^  » 

*  * 

9  9 

j* 

0^9 

<*  O'  0  >  7>  9> 

9  9  > 

9  > 

>> 

4 

N 

Ol  O 

**• 

4 

4 

4 

4 

X 

UI  •  4 

p-o»MOmoo»nooo»nooooo*n  ooo^ooooo 
riMi^oaoNooti^oomooxociAHooK'o  • 

W*itOOO^^-N('4rt'ti4l  O  0  •  *  •  •  *  •  •  •  •  •  O 
Oik**  •  •  •  •  *  *  •  *  •  *  •  *  *  »•  «|  ^  \  f^l  vf  iA.ooo--< 


—  x>  4  O 
N  i  g 
•  •  •  • 
N  N  ^  4 

<M  <\i  >4  *4 


J 

J< 

^  J  z  s 
<IiO 

o  CL 

X  X  x  c 
3333 
X  X  X  X 

4  4  4  4 

K  X  4  X 
<444 

x  x  x  r 


JH  J<  O  Of 

a.  -*  Z  «  Z  qt 

-o  z  a.  a  <o 

4  a.  «  o 

3  P- 


THE  FOLLOtflNG  CONDITION  HAS  BttN  ADOtO  TU  THE  M601  DATA  BASE 

BASE  ID  LO  DATE  ENG  MUD  ENG  NO  STNO  C  OBS  CORK  TEMP  HON  TTI  TINE  BaRM  WD  WV  RUN 

5<*4  10  250  03/17/79  JT  BO  -17  37^-69  *31<»  3  7091  7231  77.0  70.0  32.0  919  30.99  N  9  2359  H  02  079  JT8D-17  5*  HXR  M/  SHIMS  t  DC9  RE 

V  SDEG.  CANT  NORTH  GPi 50R A150. 1790 


H  0207^  JT8D-17  SN  MXR  4/  :>hJMS,  0C9  REV  »0E6.  CANT  NORTH  GP1 50RM  40.  1740 


OD  M  fA 

a  ® 

IA  ♦  * 

y  h  y 

© 

rt\ 

y  y  a  -< 

•O  ao  *\  CD 

•>4  QO  O 

^  ry  ^  y 

y 

A 

«  «  » 

*  • 

*  • 

•  *  » 

• 

• 

•  •  •  #  • 

•  • 

•  • 

•  • 

• 

4  4  4  4 

IM 

• 

A 

pd  y  y 

IT 

PA  0* 

y  iTi  ^  M  O 

93  -y  ^4  CO 

(t\  A- 

a 

y  o  o 

m  y  m 

o 

^4 

CD  ®  CO 

®  CO 

oc  r- 

p-  r^  r- 

r- 

y  o  y  o  ia  m  y 

ffi  fO 

o-  a-  »  r- 

a  o  > 

®  *H 

cc  y?  to  y  a 

CM 

,A 

in  ®  y  o  y 

y\  <o 

**  4-  K  m 

<> 

f-  ^  ^ 

PA  l*> 

o 

•  •  • 

•  1 

•  • 

>  t  • 

A 

• 

•  t<ii 

•  • 

•  • 

«  « 

• 

•  •  •  4 

04 

4 

A 

to  m  -o 

®  CD 

-o  A 

'•nj  O'  vO 

A  PA 

-4  >  »  -O  <V 

CO  *0 

m  rw 

y 

A  ^  -O  ro 

o 

®  <0  CO 

CD  *■ 

00  cc 

ao  r-  f*» 

*■»  y>  y>  >0  <0 

•A  <A 

y  y 

m  (x 

&  <r  &•  <o 

A  CD  4- 

«c  a 

S'  rg  oo  O  oO 

fA 

CO 

('j  y  h  a  n 

O 

•a  y> 

y  y  ^ 

PA  (A 

A 

•  •  » 

*  • 

•  • 

•  AC 

t 

* 

t  •  i  •  i 

•  • 

4  • 

•  4 

• 

4  4  4  4 

AJ 

• 

y 

pa  a  co 

CO  O' 

P-  A 

*M  00  T~ 

*n 

y  n  -*  >  y  «i® 

*-•  y> 

o  o 

y 

o  ®  ®  y 

© 

pH 

co  aD  co 

00  CO 

CD  ® 

oj  00  r- 

r*- 

►-  r*  r*-  -o  c 

-C  <A 

a  y 

y  to 

#-* 

a  ^  <z  ® 

-O  A  O' 

y>  O'  -4  r*  y  r-  o 

A  *-R 

yj  a  >  o  o  r  j  <-* 

^  y 

y  A 

y> 

r-  r-  y  a 

PA  PA 

o 

•  •  • 

•  • 

«  • 

*  •  • 

« 

• 

•  • 

*  • 

•  • 

• 

•  •  •  4 

fs» 

• 

•0* 

r\p  a  r-  co  ao  ®  o  y  pm  o 

o  y  o 

O  <M 

y  h  in  y 

Ai 

O  O'  O'  >0 

o 

P-* 

®  ®  * 

CD  CO 

CO  ao 

UD  CO  00 

r- 

^  a-  r-  o 

yymm  yci 

AJ 

<r  jp  y  o 

-*  <sp  yp-  co 

CM  «*f 

4  * 

y 

iM  «  y>  o  o 

O  O  1  A  *A 

M  ^ 

® 

OH  J0(T\ 

<■4  PA 

A 

•  •  * 

•  • 

•  ( 

•  •  t 

• 

• 

•  •  •  •  • 

•  • 

•  * 

4  4 

• 

4  4  4  4 

AJ 

4 

PA 

N  t  4 

OO  O  *A  ** 

»  A 

J'  A  ^  «*4 

» 

•O  CO  *  ^ 

o 

O  CO  O 

30  co 

®  ® 

CO  -D  ® 

®  r* 

r~  r-  r~  r~  o- 

O  X)  A  A 

y  f  n 

O'  O  O'  » 

4*« 

f*  30  f** 

-h  r» 

®  *>  y 

•c 

V 

O  A  o  M 

A  -O 

y  >o 

y  -« 

N 

rty  n«d 

PA 

“N 

O 

•  «  • 

*  • 

»  « 

•  •  • 

• 

• 

»  «  4  c  I 

o  • 

•  • 

•  • 

• 

4  4  4  4 

• 

pa 

j  h  w  /\  y\ 

O  A 

y  y  to 

'M 

o  oo  r-  ^  <v 

O  O 

-M  A 

y 

(A  O  O  ® 

o 

*+ 

f“  o  ® 

®  tD 

CD  QD 

V  rQ  X) 

CD 

<T> 

33  ^  f»  f«*  f*» 

o  -o 

O  A 

a  y 

rA 

O  O  O  «D 

yr»»0'O<N:0A1».r*f'r-r-p»vn®y>^4"Ny>A‘'A4*»Ai-4  y3  A  pa  3  j>  n 

O  *•■%••#••••*•••**#••••••  ••••  H  • 

04  *a  o  o  o  o 

-*  f-r^r-  x  co  x  x  £  cc  «  xjflDcof«“r»rfc-h'>^  o  ^  a  a  y  ^  jo  » 


(O  o  ff1  fl 


r*  pa  y  .o  ®oo~«-4^N,M«^oouOA‘Am.-<r-*A;?-yA 


N  O  ^  « 

O'  O  O'  CD 


•n  .A  a*  »a  ®  y  s;  wy\pNPOKfr'N<AOT>Ar-»MrAAT)  f*>  ff>  h  -r 

O  . . .  lilt 

O  O  A  m  O  0  y  -*  O  ®  O  co  <D  N 

-»  ^^^r«^.^^r'r-33ffc->t-ffc-p»r“r-r-r-  y>  o  <©  a  t  y  o  >  co 


y  y  a  o  y  t  >  n  a  ^)  >  in  o  y  r-  m  n 


o  n  a  yo>NC'flo»(,*yflflA,n->/'  \j  co  -a  .c 


•m  r~  t  x>  pa  -m 

•  *  «  i  N  • 

O'  r-  r*  a  o 

JO  O  O'  X 


il  •  •■ 

►-©•■gOmOO'A  OQOAOOOOOAOOO  A  O  o  O  O  O 
2uitV>40DON'0O^**OOmoOX^O^«ROO^O  •  _2  ►»  .J  «« 

iix^oooH^^Nfv.o  y  n  o  co  •  •  •  •  •  •  •  •  *  •  o  n  j  z  co 

jo.  —  •  •  •  •  •  •  ♦  •  •  •  •  #  z  a.  q 

5  “■ 


PNLT  < INTEGRATED* 


235V  H  g2075  JTB0-17  5M  MXR  W/  SHIMS  <  DC9  REV  5DEG.  CANT  NORTH  GP1S0RJ 1  SO.  17*0 


o  n  it  x  « 

O  O  4-  * 

•  o  • 

^  o 

cn  cn 


sg> 

a  ~  ^ 

>  ./>  P-  -N 

a.  < 

t  O  iioiO 

UJ  QC  fit  J 


•u  oj  t  Q  Q 

J  t  (t  Z  2 

Z  **  4  •■«  « 

-m  p-  A  *  * 


ac  ►*  >  u 

xi  D  at  uj 

a  **  uj  a: 

X  X  «fl£ 

'-LI  3  03  O 

P-  I  o  u 


p»  s  *  «f  > 

U>  cfi  w  fw 

l  T  o  n  v 

■m  i  ^ 

O  P*  (V  K  04 

®  CO  •  V 

A-  4  eO 

->  fN  O 

04 

MM  MM 

N 


ZZ  J3 
*-«  •-«  t  ai 
13  $  -J  4  K 
ZZ<h  M 
ji  u  J  ^  3 


at 

a  a 

♦ 

CM 

EO 

H 

4 

mM 

CD 

4  o- 

o 

CD 

<M 

o 

© 

04 

PJ  4 

CD 

|A 

mm 

mM  f\j  o  4 

A  CM 

-J 

tn 

#  * 

• 

« 

• 

• 

<» 

V 

* 

• 

% 

»  4 

A 

a 

a 

J 

a 

a  a 

a 

a 

a 

a 

a. 

UJ 

a 

A  <1 

A 

■2 >OP 

X 

tn 

4  <0  M-# 

O  X 

“M. 

lA 

4 

CO  /M 

O  <X>  -C 

V 

4 

fO 

P* 

CM  CM  X 

O 

A 

a 

•m 

*—N  -H 

04 

<M 

»M 

Ml 

H 

-J 

MM 

o  c 

O  © 

o  o 

<*  (P 

0* 

i> 

s 

pn  m  — 

-J 

-N  A"N 

a-* 

r*« 

MM 

-J 

—1 

E“1 

mM  m-4 

aM 

M 

MM 

MM 

A-J 

•H  Al  M 

a. 

-J 

a 

a 

M 

¥ 

*m 

^  4 

4 

> 

<M 

o 

¥ 

* 

<M  4 

>  4  ® 

•C  m 

CM 

0 

0 

cr» 

»n  4 

4 

S' 

ro 

P- 

4  CM  CM 

4  CM 

A 

IS 

h* 

o 

•  • 

• 

• 

j 

« 

0 

A 

• 

• 

9 

•  • 

A 

• 

a 

a 

a 

a 

a  a 

a 

a 

a 

• 

•  •  a 

• 

4 

a 

UJ 

a 

4  m  r* 

<?- 

o  o 

X  ^ 

cT  EV  ^  5- 

-r 

*/V 

4 

o  x  r* 

X  an 

X 

4  4  0 

O 

oc 

UJ 

a-j 

W 

M 

o.* 

mM 

Ml 

»>« 

MM  O 

o  o  o 

O 

o 

o 

o  y 

o 

s 

S 

CM 

RJfO  N 

o 

CL 

o 

a-4  *-« 

,-4 

MM 

M-J 

mJ 

JU 

I-V 

*M  MMi 

Ml 

MM 

A-J 

0* 

-M 

f* 

04 

04 

"-I  MH  pH 

UJ 

ac 

Z 

O 

4 

a  a 

a 

4 

P- 

•D 

<M 

,v. 

p»-  ’A 

c- 

•A 

1A 

r . 

<M 

4 

4  m 

o 

cn 

P- 

CM 

A  4  X 

C  CM 

UJ  UJ  Z 

o 

a 

•  • 

• 

* 

• 

• 

* 

• 

6 

•  a 

a 

t 

a 

a 

a 

a 

a  a 

a 

a 

a 

• 

a  a  a 

a 

J- 

p* 

*H 

4 

cm  a 

<¥ 

> 

o 

CD 

U*i  CO 

MM 

O  (7 

dO  f. 

»A 

f 

CM  O  X 

P* 

A 

X 

m  in  s 

O 

MM 

PN 

•MA 

>- 

•m 

H  i*' 

-M 

•* 

0-* 

<M 

M* 

<mM 

m4 

0* 

MM 

mm  o  o 

o  o 

O 

© 

O 

O  E> 

O 

S 

s 

EM 

cn  m  04 

A 

-J 

~4 

m4 

-t 

04 

M*  *-M 

MM 

AM 

mM 

—A 

04 

0*  ^  MM 

o  o 

o 

<X 

a 

o  s  a  p* 

04 

CO 

Cv 

UJ  4 

IT 

EM 

a 

<■ 

U*i 

O'  rO  fO 

m3 

X 

EM 

CM 

5 

*■ 

7 

A  *U 

X 

X 

~i 

UJ 

o 

•  * 

• 

• 

• 

• 

4 

• 

4 

4  • 

a 

• 

a 

a  a 

a 

a 

a 

a 

#  a  a 

a 

o  o  z 

¥ 

4 

o  co 

<o 

P*-  O' 

■X) 

CO 

>c 

4 

OJ 

O  0 

a: 

on 

r- 

O  *A 

<o 

EM  O  CP 

® 

P- 

r- 

<n  co  s 

O 

o  o  a 

0-4 

r-J 

H 

MM 

mm 

-N 

M« 

rS 

o 

C- 

o 

o 

© 

o  o  o  o 

S' 

S* 

S 

CM 

cn^  h 

UJ 

MM 

H 

AM 

-M 

04 

MK 

mM 

aH 

MM 

«“* 

04 

m4 

a~J 

04  04  04 

UJ 

1 

0 

1 

O  EM 

o 

«M 

NNPP 

O'  ^ 

if. 

X 

EM 

4 

*0 

EM 

4  UN 

X 

4s 

mM 

A 

8 

7 

0 

A  mU 

u_ 

a 

•  • 

• 

• 

• 

« 

• 

* 

a 

• 

• 

1  • 

* 

c 

• 

a 

a 

a 

a  • 

a 

• 

a 

a  a  a 

a 

XI 

cn 

>  OJ 

/N  P~ 

f- 

■0 

4 

(O^o 

O'  4J 

x>  r+ 

R- 

D 

iA 

4 

<M  O 

® 

x  r- 

A 

OJ  CM  S 

O 

CL 

*4 

O  — 

-U 

mU 

H 

mJ 

M^ 

H 

mM 

—4 

o  o 

o  © 

O 

O 

O 

o  o  o 

<y 

S' 

S 

OJ 

CO  4>  M* 

— J  «4 

rU 

0* 

Ml 

mM 

"* 

mM 

-M 

—N  -u 

-j 

M< 

■a 

ATI 

04 

04 

04  *4 

MM 

0*  04  04 

-n 

P* 

•n 

4 

mM 

X 

H  4 

X 

O  M  1> 

•t 

o 

t 

y 

n 

4 

\i 

X 

r\ 

p- 

4  4  ¥ 

p-  AH 

o 

•  • 

• 

• 

• 

• 

• 

• 

« 

• 

• 

a  a 

r 

a 

« 

a 

a 

a 

a  a 

a 

• 

• 

• 

•  •  a 

M  a 

p- 

o 

n  cd 

o 

EM 

CO 

4 

(O 

<o 

M 

MM 

O  <P 

X 

X 

4 

<n 

f 

MOO 

S' 

X 

tO 

EM  CM  X 

O 

CL 

_« 

O  o  -u 

M«0 

mM 

•4 

mU 

— * 

mM 

—  o 

o-  o 

o  o  o 

o  o  o  o 

s 

s 

CM  fO  CO  pM 

4 

-J  *h 

~4 

mM 

04 

r«s 

m4 

•M  mM 

** 

04 

mM 

AM. 

rU 

04  —a 

-a 

AM 

aU  *M 

X 

♦  x 

•o 

CD 

*3 

4. 

S' 

p-  m 

4  4 

4 

c* 

N 

X 

■c 

•X)  A- 

AM 

o 

s 

A  4  *M 

CM  *H 

s 

OJ 

4  O 

4 

o 

•  * 

• 

• 

• 

• 

> 

« 

• 

• 

a  • 

« 

a 

• 

a 

a 

a 

r 

a 

• 

a 

a 

•  •  a 

mM  a 

t> 

4 

CM  CM 

< 

«N 

Q  EM 

>T 

0  f 

« 

o 

> 

> 

D 

•O 

•0 

4 

M  «-< 

MM 

o 

s 

O 

04  04  <D 

O 

a 

• 

a 

a 

MX 

O  O 

a 

O 

o 

o  a 

o 

O  o  o 

o 

o 

o 

o 

3 

O 

O  O 

o 

o 

s 

OJ 

(O  CO  04 

X 

4 

4 

O 

— N  — J 

—4 

Ml 

•M 

M 

M-J 

-U 

--N 

AM 

-M  - 

MM 

mM 

Ml 

0-4 

-4 

am!  iM 

MM 

04 

mU 

MM  mM  m4 

Ol 

CO 

CO 

EM 

04 

«M 

AM 

04 

f-  P“ 

MH 

-o 

,o 

X 

o 

>  o 

c. 

o 

•o 

r 

4  r 

vA 

MM 

■n 

O  A  4  CM 

o  AH 

o 

•  • 

♦ 

J 

•- 

» 

• 

6 

• 

• 

A  • 

•• 

» 

a 

* 

• 

» 

a  a 

a 

a 

a 

a 

•  *  a 

CM  • 

•h 

X  X 

O 

EM 

4 

4. 

L> 

£ 

o 

P~  P*- 

4 

o 

X 

■o 

A 

* 

Ml  mM 

O 

W 

S 

S 

■3  3  ^ 

o 

—4 

>  »■  o 

O 

O 

O 

o 

O  C 

o 

o 

O  vO 

o 

o 

o  c 

O 

o  a 

o 

O 

S 

mM 

(O  CO  ^ 

tl 

II 

rt 

K 

-4 

04 

/■* 

— M 

MU 

^4 

-M 

mM 

•« 

-4  mM 

r- 

AM 

04 

♦J  m( 

mM 

Ml 

m4  -M 

P“  o 

M 

o  in 

P- 

n 

r« 

4 

m 

'A  -M 

4 

4 

<0 

04 

m 

M  O 

o 

o 

X 

S 

S  CD  4 

X  -4 

-J 

o 

•  « 

• 

• 

• 

• 

» 

• 

• 

• 

A 

a  a 

a 

a 

a 

a 

• 

a 

a  a 

a 

a 

a 

a 

a  a  a 

H  1 

X 

P» 

-j 

4 

o 

4  p* 

X 

O  — 

"M 

PO 

cO 

4 

-A 

-A 

wA  A 

4 

4 

4 

4 

4 

m 

M  AM 

<■# 

O 

S 

X 

X  X  A 

o 

A 

-J  Z 

X 

S  S 

cr 

a 

o  o 

o 

o 

O 

o 

O 

O  O  O 

O 

O 

O 

o 

o 

O  O 

O 

o 

y 

mU 

OJ  CM  am 

< 

z 

At  O 

*4 

MM 

-4 

mJ 

00* 

M~ 

'  ** 

-—A  -4 

»M 

s>) 

mM 

mM 

.-a 

— J  M« 

MH 

04 

04  04  mM 

O 

a. 

♦  OP 

oj  rvi 

> 

X 

EM 

X 

f~4 

u^ 

O  X> 

X 

> 

4 

■-M 

oj 

OJ  -0 

4 

X 

X 

© 

s  X  4 

O  -H 

X 

X 

X 

X 

o 

•  • 

• 

• 

• 

f 

* 

• 

• 

* 

« 

A 

a 

• 

A 

•  a 

A 

0 

• 

a 

•  •  * 

MM  a 

3 

D 

3 

a 

¥ 

o  uj 

-0 

o 

o 

.  M 

EM 

M 

t 

*o  m 

N 

\l 

•M 

EM 

u 

aJ 

O  X 

P» 

r- 

A 

o  O  m 

O 

X 

X 

X 

X 

s  s 

> 

o 

o 

o 

o  o 

o 

•3 

O  O 

C 

Q 

O 

o 

o 

O 

O  E> 

■> 

s 

s 

04 

OJ  CM  MM 

“M 

M 

MN 

— ♦ 

mU 

04 

04 

Ml 

«t  M 

— 

-J 

-M 

"J 

-J 

04 

-4 

M  AN  M 

K 

K 

H 

K 

X 

XI  •  -* 

P-O'NO'OOOAOOona  >  O  OOAOOQAC  o  o  O  o 

ZuiI'flflfiOONflO^HO  >  eO  O  O  M  O  O  n  O  O  cO  O  •  .J  h  J  <  OtX 

i/\-c  -  •  •  •  •  .>  •  •  •  •  *  o  a.  -j  z  x  ¥  ac 

O' 1  — ’  •  •  •  •  *  t  »  A  •  *  •  *  *  >1  z  a.  2  <“ 

<  a.  i*>  VJ 

o  *- 


4  4  4  4 
t  t  r  t 


Hfc  FOLLOWING  CONDITION  has  BEEN  AOOtO  TO  THE  U601  DATA  BASE 

ASfc  ID  L0  DATE  ENG  NOD  ENG  NO  STNO  C  08 S  CORR  TEMP  HEIM  TTI  TIME  BARM  WD  MV  RUN 

5A3  4  250  03/17/79  jTbO  -17  372-69  X314  3  7603  7800  77.0  70.0  33.0  1003  30.45  NM  6  2359  H  02076  JT80-17  5N  MXR  N/  SHINS.  PC9  Rt 

V  50EG.  CANT  NORTH  GPI 80R A150. 1740 


^369  H  U*!07;>  JT 80  —  1 7  5M  MXR  W/  SmJHS.  DC9  R6  V  50fcG.  CANT  NORTH  GP1  50RA  1  50. 1  7<t0 


o 

o 


Z 

o 


o 

z 

c 

u 


o 

3 


Of  tn  «n  o  <*»  *g  trt 

O  ^  •  ••••••••••*»••••••••*••  •  •  •  •  eg  • 

ixj  Kr“r«-or\joP--o»nm^o-oroO'Cf,ncofNjs»'C>^'00  ®  o  o  n*  o 

O  rg  ®flD«7'(^aDCCIltc®!B^^■^^•C-o/'^ifn^g'-^  ^  OO® 

r*  rl 

<*#  ^^0"tOeg>r**-oi>'#rgf,~m^O'0,T3ir\x-oxig>0  -o  -c  rg  <\j  m  -* 

o  •»••»  I  ♦••••*«•*••««•••♦  •  •  •  •  •  eg  • 

gj  r\  ^^•<fnrgc^rr\RH®r>*!Si>f*‘-«r\rg®4‘v*‘<>Jf,»‘P'flOO  m  ^  ^  m  O 

o  *g  O  O  O  a 

O  **  •*  -* 

<  iri-f^eg^^Oro^^o^rg^eg-O  «n  p-  ®  m  m 

it  •••»•  i  ••»♦♦•••••*  . .  ••••  eg* 

>*  t^®r^OMiMflO  <\|  *TV  -*  -*  O 

-4  ®oooo-^>0'C?kcocr)®ooaof*-h.f-r''0-0'r>»o  t  ooo^ 

*g  -4  rg 

oa*'*mcD'*e-r^eg(np-mr*-®.n*rvf-"Oeg®i«iin<n4'  mro 

O  ••♦••«*♦#*♦»«•»••»••••••  ••••  eg# 

•t  g}  O'  <*g  <n  s*  *eg®  rg  o  a>  eg  O 

#■*  ©®0'0'0'00'0®®«o»QO®r»f-ffc*r'«‘'0'Og,*«r\-*'iM  O  o  o  O 

##  ^  H 

ie  ••••  i  *••••••»••#••»••*»  •  ••••  eg* 

<n  •o®o>4*n'<>NOOffc''0'i,*n-*o»'0^>'tO'n'0^  h  ^  m  o 

•h  aj«<>0'0‘0'00®  n«®co't>cop^r»r*-'0.©<oir>-*,i*>  o  o  o  o 

g  m  mi 

flHOSO|rl>Og\^>  0>-0^0<ver07®^>  g  r<i  g  ^  01 

O  ••••••••••••••*•••••••••  *•••  eg* 

m  o  ie  «e  m  O 

^  ©®x®0'00'0‘CO<x>®®®®®ffc*",f,,,-^,'0'G>f''^fl'‘>  o  o  o  O' 

H  *g  r# 

4*tNO\«H«\Oop  l^cn^^^'fflOiTHieNUMrg  s  ^  xi  ^  «g  eg 

O  •••«*•  i  «•#•••**»•••  i  •••  •  *•••  eg* 

eg  Ok-gm/>-or*f^t^r^r^O'04,'t^>«-*OP-vrO‘'Oeg<^/\  r*  *  *  m  o 

rg  e-©.»»ao®a>!Jc®o®«Daj®flOJoe-r»e-g>'00>f>.*  o  o  o  o* 

-g  »■* 

rgOOOm  ^■ror^O'krirgj*vNf  figff>^iroj^(?0'v  m  .«  ■*•  ©  <*0  n 

O  ••••*.#••«••••••••#•••.•  #•••  eg* 

rg  -O  '*  *t  f*\  O 

rH  r'h-fs“*®»'C>XI®'DT3COlXiT'  X3  J0  CG  f*-  P«  f-  -G  O  Ov-4  O  O  O  O' 

—*  «-4 

iTi®0'r“'^CgOO>0'<>  ^  S  O  O  N  e  ^  0  »*  <0  O  -6  T'''#  4  N  h  eg  <M 

O  *••••••••  *•••••«•••*••••  •  •  •  ■  eg* 

rg  p*f-f‘»f«*aoao®Tijoco®®aoao®.x)p**f»r*»f'»0'£iAg'»  o  o  o  o 

-g  rg 

mff‘-oo^®g,flgNg,ir\».N*o«\Mr'(>okg^o  r-  »n  *»  g)  m  -v 

O  ■*••••••••• . •••••■•  *  *  *  *  eg* 

01  png>  o®>OggNfT'.>jgOOJ'(>hie,^>  o  Ne  r  eg  »■*  -*  T  O 

0  .#•  >  O  O  a 

•g  rg 

X 

Oi  *  — 

H'^ego'noog^oooiAoaooo^ooO^ooooo 

2ililm®®0eg«00®rg00(no0rgg)0®rg00,<»0  •  O  0£ 

u»s:^oooHrir<NNfngie®a  •  •  •  •  •  •  •  •  •  •  o  a  o  z  <d  z  oc 

OX—  •  •  •  •  •  •  •  •  •  •  •  •  *-grgrgeg<Mm»rm®®rg  \/»  Z  a.  ©  <0 

<  a.  ©  O 

O  »- 


I  1 3 


WMiHftlfiiaailj tent* 


RNLT  ( INTEGRATED)  *  UA.41 


2359  H  92075  JT80-17  $M  MXR  M/  SHIMS.  0C9  REV  5DEG.  CANT  NORTH  GR I JOR A 1 50 . 1 740 


*  5  »■ 

O  -»  »- 

►  >1  R-  W 

4.  X  «/»  sj  U 

XO^iiiO 

4j  ac  of  ^ 

h*  %  a  ►#  ai 

5  o  > 


1141  tQO 

-i  *  *5  * 

*  ^  a  x  i 


u. 

o 


A. 

O 


X  ^ 

P-  JO 
IN  4 


o 

43 


43 

© 

rt 

O 

< 

ac 


tt 

C 


rt 

a 

s> 


9+  CO  P* 
O'  NN 


fOOh 

<n»r  # 


o 

ai 

o 


>- 

X 

u 

X  X 

UJ 

JU 

a.  ac 

ac 

0C 

ac 

ac 

O 

a 

a 

►- 

V 

O  uj 

u 

X 

¥9 

UJ  P* 

ac 

>  o 

© 

UJ 

a 

ac  uj 

X 

a- 

«■# 

uj  ac 

Q 

X 

X 

ac 

UJ 

3 

a  O 

UJ 

X 

a  u 

W 

s  £ 


* 

X 


^  ©  •  X  © 

rt  tt  03  99  ^ 

I  I  O  V 
n  i  r* 
a  f  n  *<  •* 
a  «>  •  v 

3-  4  f*3 

n  <n  o 


ac 

UJ 

u. 

at 

-0 


* 

X 

X 


*  » 


II  N 


OJ  tt 

Hi 

> 

Hi  UJ  JJ 

XZJ3 

Z  UJ 

o  o  -j  x  >- 

JZ  <K4 

ii  ai  J  vi  o 


^  A#  <» 

O 

f*-  rt# 

OJ  .rt.  rtl 

O 

O 

<t3 

<o 

OON 

C'  o 

4 

a#  © 

43 

m 

IN 

7 

3 

0 

o 

43 

.-*3 

43 

• 

9 

• 

• 

•  9 

C  e  » 

• 

» 

4 

• 

« 

* 

• 

• 

*  8 

• 

9 

• 

•  • 

9 

• 

• 

43 

CO 

r» 

jo  ^  m  94 

rt*  O  *rt 

O 

© 

f'- 

«r\ 

4  TO  Art 

O'  X* 

P- 

#3  cn 

IN 

IN 

94 

•rt  JO 

tt 

43 

O 

M 

9* 

rt 

99 

M  (N»N  IV  M 

<N 

Art 

•rt 

Art 

Art 

•rt  -rt 

o  o 

O 

o  o 

o  o  a 

•*3  1*3  1*3 

N 

-J 

rt 

rt 

rt 

99 

-9 

rt*>  Art 

rt*  Art  rt# 

*rt 

Art 

A# 

•rt 

Art 

•rt  Art 

Art  a— 

A# 

rt#  Art 

Art 

99 

A— 

•9  Art 

A# 

•rt 

X 

— j  a 

rt 

A#  3 

cr 

trt  O' 

6 

3 

5 

4- 

•0 

o 

0 

5 

3 

3 

rt#  0* 

tt 

Art  4 

© 

43  f*3 

O  IN 

tt 

4 

Art 

43 

o 

• 

• 

• 

• 

*  • 

*  *  » 

A 

• 

8 

• 

• 

«  8 

•  • 

• 

•»  » 

• 

8 

• 

8  # 

• 

• 

• 

X 

*\ 

CO 

o  <v  N  rt 

if»  /i  ia 

*rt 

O 

O' 

r * 

X  PN 

A-rt  o 

tt 

4 

4 

rr*. 

1*3  O  O  4? 

o 

X 

a* 

9+ 

<N 

IN 

'N  IN) 

INI  *1  »N 

rv 

9+ 

■AM 

rt. 

•rt  >rt 

•rt  o 

o 

©  O 

O 

O  O 

m  4 

4 

IN 

© 

rt 

rt 

Art 

99  99 

rt  rt  rt 

*9 

••# 

•rt 

Art 

A#  A# 

Art  AN 

** 

"rt  Art 

AV 

»»# 

Art  Art 

Art 

Art 

UJ 

tt  O  X 

CO 

4  00 

r*3  ® 

CO 

Art 

p" 

©  N.  rt*  U*  Oh 

4) 

>  4) 

IN 

-# 

p^ 

<N  43 

X 

IN 

tt  A# 

UJ 

UJ 

z 

• 

• 

• 

• 

•  • 

*  •  • 

A 

c 

• 

« 

4 

*  ♦ 

•  • 

• 

•  9 

• 

• 

• 

•  • 

• 

9 

9 

►- 

►- 

rt 

x 

»rt 

®  oj  m  x 

^  pn  rM 

© 

O 

03 

•0 

4i 

IN  O  O 

CD 

4>  4 

4 

4 

IN 

1*3  © 

© 

tt 

o 

•rt 

rt 

• 

**# 

9* 

•-* 

fsj  <N  tNi 

N  P'4  N 

IN 

9* 

•rt 

rrt 

rt#  <rt 

rt*  o 

O 

©  O 

o 

o  o 

rn  m 

1*3 

N 

*/> 

43 

9* 

H 

94 

rt#  rt*  »rt 

rt# 

«AA 

"rt 

*rt 

rt#  AAA# 

a#  Art 

Rrt 

Art 

rt# 

.  rt  ^ 

-rt 

Art 

Q  O 

a- 

a. 

rt 

m  p- 

r>« 

>* 

«r  «o 

o  ^  o 

P0 

99 

;N 

O 

43 

£T  ,f 

*\  rt* 

rt* 

43  tt 

4 

1*3 

r*>  O' 

tt 

43 

43 

Art 

X 

rt 

o 

• 

# 

• 

* 

•  • 

%  •  • 

% 

4 

• 

• 

• 

•  8 

8  • 

• 

•  • 

* 

• 

• 

8  • 

9 

• 

« 

o 

S 

z 

fO 

43  O 

rt* 

crt 

■t  tv  a 

o 

cc 

4) 

4  <•>  IN  99  o 

© 

©  43 

43 

4 

1*3 

N  tt  tt 

43 

o 

a  o 

a. 

rt 

*•# 

4^  4^ 

•N  M 

N  N  N  H 

AN 

•rt 

Art 

Art 

99  Art 

rt#  Art 

o  o  o 

© 

O 

O 

i*3  ft  ft 

IN 

rt 

rt 

rt 

-rt 

•rt  #4 

rt  rt  rt 

•rt 

«rt 

•rt 

>rt 

Art  Art 

Art  ^ 

rt# 

rt*  rtf 

Art 

99 

** 

•rt  «rt 

Art 

94 

u> 
t n 

<D 

4 

n 

m  co 

CO  >0  O 

4  ©  rt* 

4 

43 

>  o 

O'  IV 

© 

(H4JOP 

43 

1*3  4> 

43 

PN 

43 

- 

rt  ^ 

r- 

»  <rt  «rt 

**  O  03 

N 

4> 

4 

m 

^  rt  O  O 

JO 

4 

pp» 

IN 

OPh 

X 

© 

A# 

rt 

9* 

*-N 

prt 

N  <N 

IN  IN  •«# 

•rt 

•rt 

•rt 

Art 

••#  Art 

Art  a— 

o 

o  o  o 

o 

O 

ft  ft  ft 

N 

rt 

•rt 

*rt  rt5 

rt#  Art  rt# 

•rt 

•rt 

A# 

Art 

•rt 

-4  Art 

-rt  rt. 

•rt 

-#  Art 

Art 

"rt 

•rt  rt# 

A# 

m 

(N  rt 

\  4  O  N  | 

>/N  ^ 

a0 

Pw 

-rt 

4.  O' 

\:  ■#> 

>*N 

4>  © 

43 

-« 

X 

P*3  © 

© 

tt 

© 

•rt 

o 

• 

* 

• 

• 

8  » 

*t« 

• 

# 

• 

• 

»  ♦ 

<  8 

• 

9  • 

• 

• 

8 

•  « 

• 

• 

A# 

• 

**> 

CO 

rt 

*  «© 

*  o 

O'  ®  rt* 

#>  n 

4 

m 

'N  -# 

rt#  o 

© 

P-  43 

43 

43 

<#3 

tt  P* 

43  <*> 

o 

rt 

o 

rt 

rt# 

•rt 

rt*  Art 

•rt  »rt  p4 

Art 

A# 

Art 

# 

rt#  Art 

Art  Art 

o 

o  o  © 

o 

O 

rsf  Pn  PH 

N 

99 

H 

rt#  Art 

rt  rt  rt 

•rt 

Art 

rrt 

•  rt  rt 

Art 

— rt 

rt#  rt# 

rt# 

•rt 

*# 

•rt  -rt 

a># 

•o 

\ 

•jT\ 

CO 

•rt  O 

P*  IN  (■»*, 

4> 

•/T 

rr> 

#3 

rg  v/3 

O  4) 

-rt 

1*3  Xi 

43 

4) 

© 

p*  tt 

if* 

4 

tt 

rt 

A# 

© 

0 

O 

• 

• 

• 

« 

B  • 

*  8  6 

• 

• 

« 

• 

•  • 

•  * 

« 

•  • 

9 

* 

• 

*  • 

• 

• 

•rt 

• 

tt 

rt 

o 

N 

rv  4> 

N. 

<*#  Ni 

N  'A  w 

r' 

r<. 

•N 

N 

an 

rt*  © 

© 

r-  4 

S' 

4 

IN 

4  43 

A 

N 

o 

■ 

• 

• 

o  o 

o 

O  rt#  rt 

f**  9*  9mi 

•rt 

■A* 

Art 

Art 

•rt 

A-’.  A* 

o 

©  o 

o 

O 

O 

<N  i*3 

n* 

t4 

1*3 

© 

o 

rt 

99 

rt* 

rt 

rt-1 

Art  -rt  nrt 

Art 

r*» 

Art 

•rt 

-rt 

Art  Art 

rt#  rt* 

««* 

•rt  A-# 

99 

rt 

rt# 

•rt  -rt 

-rt 

rt 

4 

4 

rt 

rt 

a# 

o 

ro 

4) 

>f  O' 

Jr-  ^  />v 

CO 

A<" 

o 

-f 

fO 

IN  33 

©-  PN 

o 

4)  © 

<30 

IN 

•rt 

-•  P- 

tt 

43 

rt 

rt 

O 

8 

• 

# 

• 

•  • 

*  i» 

• 

• 

« 

• 

• 

•  • 

*  * 

• 

•  • 

t 

• 

• 

•  » 

• 

• 

rt 

• 

a# 

© 

v3 

<M 

4)  f- 

«•  "•*  O 

© 

Art 

© 

o 

O  O  O 

4  O' 

® 

43  4  r^ 

(#3 

<N 

N  f*3 

1*3 

a 

© 

rt 

© 

O 

o  o 

o  o 

O  O  prt 

*-# 

•*rt 

••# 

"rt 

99 

99  O 

Q  © 

o 

o  o 

o 

o 

O 

N  1*3 

1*3 

N 

M 

H 

ii 

M 

Art 

»rt 

Art  rt 

Art  -#  Art 

Art 

Art 

Art 

<rt 

-rt  -# 

-rt  rt# 

Art 

—#  94 

Art 

Art 

Art 

-rt  -rt 

-‘A# 

»rt 

IN 

a* 

rt*  Art  J* 

flh  43  *rt 

O' 

4 

rO 

m 

13 

>  O' 

CO  43 

4> 

43  43 

4 

tt 

4 

©  O 

© 

tt 

N 

rt 

-J 

o 

• 

• 

• 

• 

•  • 

•  •  • 

• 

• 

8 

8 

• 

•  • 

•  • 

• 

•  • 

9 

• 

• 

•  • 

• 

• 

IN 

• 

a. 

rt 

o 

r- 

JD 

o 

'N 

*  * 

lTv  O  r- 

S3 

ao 

f*» 

r*  p* 

r*  r* 

43 

•n  4 

4 

<N 

•rt 

©  N 

A# 

CO 

o 

43 

z 

a-8 

© 

<> 

o 

O 

o  o 

o  o  a 

© 

a 

O 

o 

O 

o  o 

o  a 

O 

o  o 

O 

O 

O 

•rt  "3 

1*3 

A# 

X 

X 

a 

94 

rt* 

•rt  PN 

rt*  rt#  —# 

•rt 

^4 

»# 

-rt 

Art 

rt#  <rt 

rt#  99 

Art  -# 

Art 

•rt 

•rt 

-4  A# 

"rt 

A# 

o  & 

O 

© 


«O0'OflNR«>yA<3NNH^iA(flJ)^O^^O®‘rt 

43ttttONr*34x  a  tt  tt  o  a  a  o  tt  ^  w3  »/•  4  n  -#  o  © 

>©©00000000000000000000© 


Ul  •  • 

P-^NOr»3©043000ttlOOOOOa300  0  4300000 
2illtH'O®0N'fl0lrt*4OOrt0ON«0irrtOOrtO  • 
matKOOO-lH-‘NN«'#ifl^D  *  »  •  *  >  •  »  •  •  •  O 

J  —  •  9  •  •  •  *  *  8  •  #  «  *  #-9rtrtN'VA*3  443.tt»A«* 


^  W  rg  a 


tt  O  O  tt 

t  in  m  -4 


a  -j  z  <o 

»  r  a.  o 

x  a. 

o 


5555 

C  tt  C 

rt  ,«,•«#  — 

*  X  X  X 
X  X  X  < 

c  t  t  c 


a  ac 

55 

*  U 


XMMMMMHiMHIlfel 


THE  FOLLOWING  CONDITION  HA s  BEEN  aDDEU  TO  THE  W601  DATA  BASE 

Base  10  LO  DATE  ENG  MOO  ENG  NO  SINO  C  OBS  CORR  TEMP  HUN  TTI  TINE  BARN  NO  NV  RUN 

543  5  250  03/17/79  iT^lO  -17  372-65  X3I4  3  8274  8489  77.0  70.0  33.0  1020  30.45  NW  6  2359  rt  92075  JT8D-17  5N  NXR  W/  SHIMS,  DC9  Rt 

V  50EG.  CANT  NORTH  GP I 50R A150 . 1740 


2359  M  0*073  JT80-17  5M  HXR  W/  SHIMS 


o 

* 


o 

«n 


at 

o 

a 

p4 

0. 

© 


1 

04 

z 

-1 

►- 

UI 

z 

Q 

<c 

o 

v> 

• 

o 

UI 

u. 

s 

0* 

• 

a 

o 

> 

4 

o 

UI 

00 

A 

ac 

•ft 

o 

o 

o 

» 

z 

» 

$ 

© 

W 


Q 

2 


oc 

o 

UJ 

o 


ft  c«">  <4  -o  a  r-  ^5  ©  ai  r^i)  ^  tf-.  o  ,1-  o  r~-  <>  r-  o  f»i  m  »*•  r-  ao  m  ft 


(4>0“fr0k0‘O>>'>  ^JOODtOflp^^f^  ft  A  A 


A  ^  4*  i 
4  n  <*g 


fM  IA  tft  «t 
0  0  0  0“ 


O 

A 


A 

4 


O 

4 


A 

m 


o 

.*> 


o 

3 


o 

o 


? 


<4  a>  **.  4  o  «ft  ft  <-«  0  4-ft®o4>-9p-rft04ftcr)<Mft  cm  •*  r*  r- 


0  -ft  *  ft  A  f“-33aomc*)!MflPft4-4  04Ofti>4^ftao 

ft  0  o  >000“  o  o  >0ft««;cop-r-f*  o  a  a  4  m  -ft 


ft  O  >  f- 
O  ^  O  o 


•  ftO-4**4AAAfth»ft 


a  r»  <e  o  m  »m  <*) 


oc 

Ui  •  <n 

>*o»wo*to©«f>©oo*r»o©ooo*rtooo'/\©o©©o 
2'i»2«4#ON'0O<N^OO^OON^O'ft*,5OO^O  • 
tu  ar  ^oooH^'iNNrn  +  m  a  co  •  •  •  «  •  •  •  •  •  •  o 

o  u.  —  •  •  •  •  •  •  •  •  *  •  •  •  I  -*  -4  W  -S ji\n^  /i 


-J  w  J  < 

Si*£8 

<  ft. 

o 


t*\  4 
rg  t 
O 


«*>  4 

CM  • 

O 


ft  O  co  ft  -ft  c*) 

ft  o 

r>  eft  -•«  A 

-Y  ft)  4" 

<M  /*-■ 

<4  O 

r+ 

m  9  4 

fA  ro 

»••••• 

*  • 

•  •  w  • 

•  •  • 

•  • 

•  «•••• 

• 

O  CM  ft  f*»  ft  O 

x>  r- 

-O-tNO 

«  Off 

O  h- 

^  >  C^  CO  CM  *M 

9  9  9  9  9  9 

o  o 

0  a  0  9 

00  03  00 

co  r*» 

f  <5  4)  »n  »r»  4 

CM 

O  ft  ft  ^ 

-4  ft  ft 

m  r-  **  m  m  4 

4  o 

9  o  4  0 

«  o  ^ 

CO  4V 

cm  4  O  O  <•>  4 

«ft 

4  cn  rg  co 

cn  <n 

•  ••••• 

•  • 

«  •  •  • 

»  ♦  • 

•  * 

• 

•  •  •  * 

cm  • 

O  CM  ft  >-  O'  O 

O  P- 

«rt  4“  «M  O 

O  >13  Cfc 

^NMON# 

4 

ft-  -ft  CO 

o 

«  0-  l>  7>  »  »• 

o  o 

>  0“  0* 

ft)  CD  03 

co  N 

I*-  r»  o  -c  in  •* 

cn 

a  ^  ^  9 

•4  ft  ft 

NNCnO"!^ 

—  ft) 

a>  o  rO  > 

*0  «  tr\ 

CM  h* 

<9  m  fln  h  ^ 

9 ■ 

rg  ao  m  -ft 

•ft  .t) 

CD  N  i  (T  «  fl 

00  ft 

^  m  ^4  > 

ft>  ft> 

m  6 

<c  ■»  »  >n  »>  — 

ft 

ft  O  O  ft 

<0  9  o  o  >  o 

o  o 

O  O  » 

00  ft)  A 

co  <c 

h  N  0  0  I) 

fC) 

O  »ft  -ft  4 
•ft  -ft  ^4 

«  r*  ft  r-  a  m 

.-4  ^4 

—  o  -o 

»  4) 

4  <9) 

'O  n  4  >  ^ 

«M 

Cft  o  00  9 

<M 

•  •  *  •  *  * 

IN  ft  -*  t*\  A  ft 

•  t 

i  i  • 

4  • 

*#•••* 

• 

•  •  •  • 

CM  • 

. c  A 

>Y  CM  -<  O 

®  f*  <C 

4  M 

>  4)  -4  ^  .ft> 

4 

4  0  0*^ 

O 

ft  ft  0*  O  O  O 

o  o 

>  »  9  » 

ft)  <4  « 

®  00 

t*  P«  1*  ^  ft  /) 

4 

O  *ft  O  0“ 

-ft  -ft  -ft 

l»\  ®  H  (<l  |f\  T| 

0  (91 

Clfia  # 

cn  O  «# 

*•  o 

>  ft  O  CD  >•  OD 

-ft 

tn  ft  ft  n 

rg 

•  • 

*  »  • 

«  • 

•  »♦*•» 

• 

•  *  •  • 

•H^OJOJrOO"* 

■“*^9  0  0 

>  ®  f» 

X\  4 

•ft  T,  4  O  ft  O 

O 

o 

ft  ft  ft  ft  ft  0 

o  o 

>  ^  a  > 

CO  ft)  © 

»  ® 

®  h-  r*  p^-  ft  A  4 

o  o  o  ^ 

.-9  -ft 

4  ^  -ft  -*  O  q 

o  <0  O1  fn  ^ 

ft)  CM  * 

O  O  h  3  (\  h 

ft 

m  p*  »n  <m 

ft>  rg 

«  o  oi  4  a  f* 

«  0“  >  CO 

*•  r-  -o 

4i  fO 

cm  ft*  ft  -ft  K 

U 

o  »ft  ffc  13 

O 

h-  »  <0  00  ft  ft 

03  03 

ft)  X)  03  CO 

C0  ft)  <0 

®  00 

®  ^  ^  ft  ft 

ft 

9  0  0  9 

-ft  oft 

OI>«  H'< 

m  > 

N  «  H  D 

cm  cn  r- 

n  r- 

•ft  r  O  4  O  rg 

o 

fg  4  <M  A 

CM  N 

r- 

o 

•0 

A 

4 

m 

CM 

-* 

ft 

A 

■M 

o 

CM 

cn 

K 

ft 

ft 

4 

O 

ao 

09 

ft 

ft 

• 

0 

0 

ao 

r** 

r- 

r- 

■0 

ft 

A 

O 

O 

o 

-g 

oft 

-ft 

CM 

9 

n 

4 

a 

4 

•ft 

30 

f>- 

o 

f- 

P- 

ft 

ao 

ft 

C> 

m 

CM 

• 

• 

» 

• 

• 

• 

• 

• 

• 

• 

• 

• 

♦ 

• 

• 

• 

• 

• 

CM 

4 

A 

4 

4 

«n 

i<i 

CM 

o 

9 

o 

A 

O 

«4 

A 

4 

4 

N 

o 

00 

ft 

ft 

ao 

oo 

ft 

«o 

f*- 

fft 

r* 

A 

ft 

A 

9 

O 

5 

9 

O  K 

55 


PWLT  I IHTtORATeOt  «  JJ9.19 


RTCM 


i 

.  5  i 

SSSi’' 

<r*o 

It  *1  tl  11  II 


DC 


SSv 

5  *H  »- 
>-  V)  H*  M 

a<muu 
soimmjO 
ui  pc  at  -i 

5^598 

*  M  9  ts  2 

HHCD33 


a 

u> 


u 

o 


u 

tx 

UI 

a 


<* 

id 

K» 

© 


S 

M 

s 


a 

a 


r- 

a 


N 

CO 


a 

ip 


Q 

«0 

V- 


«< 

a 


a 

r 


Q 

8 


N  Ifl  •  f  O 

—  O  CO  —  to 

I  I  O  \ 
O  I  O' 
O  f"  -<  X  o 
«KI  •  \ 

h 

“*»  <M  O 


zzjq 

*3  M  Z  u 

**«£< 

III  lli  u  (0  o 


a 

ip 


a 

a 

o 

o 


ac 

< 

a. 


in  ffl  ^  lA  ©  CJ 

ID  . -«  • 

u*i  •d->o^cc>r'.«frt\i~-oa)voj,f'”'~,o(?'f**on^N-f,-oO'co  in  o  o  -4 

— •  OOOOOOOOoi>J,^^(MM0i0<?'fl'0(0(0O(0  — *  CM  —  © 

cOtD-oiD^'K'f.  0'cjiDn->^o-K'tt)fv«-«r*cj<»Ofo>c^  <^  «*■  o  ©  <o  >r 

o  .  ...  .  -<  • 

ID  |I»IAM)PNC»-  O  «1  U>  -  ID  O  O  ID  O 

w  ooc?oQcocoL''j-acf'(?^i)tO'OiO(ij£|«J®a?  — «  <m  cj  o 

f^K1K>Of^--''it\ir-.<OC\i(T-^^'DOlDCJCT'0'^l<7'0^r  O  —  D*  ©  ^ 

ID  . —  ♦ 

vj-  Kl  m  !'•  <0  «'  ID  i*.  » -  C*  <C  •tOOOCOO'OO  «  ->  O  ^  O 

-4  O  ©  c-  o  ©  o  O  O  o  <*•  .*  ■.’•  ^  '.y-  cr  <?•  Qj  O'  &  CO  CQ  CO  &  C  rt  W  W  o 

c  c>  ©  -  •  ..  •  .  *•  cv  o  o  «N-om^ooc  o  (►  o>  «c  «D  o 

©  •  ...  .  "4  . 

<r  -  •<:  m  4J  -•.  r  <'  -4  .'  •*•  ;  .  J  ~M--»OfDOC0<0O'-«-4  ID  -4  O  ©  -4 

—«  coot..  .•  O  C7  ;.J  -»  »*  »-  O  O  O'  9  ©  ©  t>  &  9  -  I'J  fJ  o 

Kl  «  -<  .f  c.  .  U»  C  — '  .■«  -•  .-■  ^  N  O  ^  J  vO  N  1M  K>  a*  ID  K-'  ©  ID 

ID  ....  .  —  • 

ro  O  W  K>  •;  If,  '.'■  C  "•  |.  I  ^  L-  .n  r'  '/I  -f  fVl  ^  O  o  O  N  D  J  N  O 

—«  O  ©  O  O  O  C5  O  C  <3  O  I  »•*.>£*  O.  o  O  0s  O'  O'  CO  O'  O'  O'  —  fM  CM  © 

O'  ©  ID  <v  •-*  r*  c:  t  i/.  '.i  w  rn  n  ^  in  o  in  <0  m  ^  o  ^  -  in  «  ©  iD 

©  .  .  ~  • 

Ki  MhONm'imrifj..  Ki  -4  -4  D>  o 

—*  9  &  o  a  a  o  <j  c.  o  u-  9  v  &  9  9  o  9  9  <0  9  &  &  *—  <m  eg  o 

^M^<7-^sT^cc-«inininNin'nin<oO'4'fl®^in®  ^  <0  ^  «o  ©  id 

©  .  ^  • 

CJ  Kllfl^M>OOO-.OP-(0'''0in-tN'JWO4^NS  ^  © 

-4  0'0'0'CT'^OO©OO0'>t,''J'C>'(7-i><7'0-CT'0'00'0-  — <  C  J  C\1  © 

N^^^^iC^infooiT-ifico-inin^win^^oNO  ©  o  *-4  — •  o  ^ 

o  . * .  ....  fj  • 

-4  0~4rOiD©D>D'©0'©r'.r4^j^>iD-y,^'^f^©»J'©C^t^  OKICSJ©  o 

—*  9990'0'990'90'9999990'9990  999  H  M  fM  © 

oomN^^TinvDinNo^JinmoNNfnioN^  *>cj  cr  — «  s.  .*>  © 

O  .  ....  -4  . 

o  (0^*4<M>»vfin<j^^ininvTK''«NW'}inKi(yN(>(o  ©*40©  o 

—•  ffl(0^0'^(Mr(>CM>^C,'0'^CM>0'0‘^0>^f*CM7>  OCJtsi© 

m^inmoKi^<oin<i(>ch^.,M^>oNNini05'N'i  id  id  ^ 

©  . *  *  ....  —4 

9  ©O'O-Or^^-^^iD^.T^fD  N  o  in  © 

tO0QC0999999999999999999999  0-4-40 

at 

Ui  • 

^•GfKIOKIOOlDOOOlDOOOOOIDOOOlDOOOOO 

ZuJX©©©ODi©0lD-40OK»OOCI©0©44COK>0  •  J  I-  J  4  Q  B 

uiftxooa4-.4cjMM^ifl<)<o  .  .  ©  a.->zcD  Zqe 

u  u.  . . .  .  <p  z  a.  a  <  o 

«*.  a.  ©  u 

O  t- 


116 


MAXIMUM  0A5PL  =  115.97  COMPOSITE  SPl  =  116.92 
MAXIMUM  PNLT  :  122.99  COMPOSITE  PNL  =  124.29 
MAXIMUM  PNL  =  122. 1J  PNLT  (INTEGRATED)  =  131.39 
MAXIMUM  DBA  =  106.06 
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PNLT  (INTEGRATED)  =  103.57 
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MAXIMUM  0ASPL  =  121.34  COMPOSITE  SPL  =  121.84 
MAXIMUM  PH IT  =  126.08  COMPOSITE  PNl  =  127.40 
MAXIMUM  PNL  =  125.69  PNLT  ( INTEGRATED )  =  134.90 
MAXIMUM  DBA  -  112.19 
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PNLT  (XNTESRATEOI  =  107.67 
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PNLT  (INTEGRATED)  =  113.43 
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PNIT  (INTEGRATES)  *  117.09 


APPENDIX  B 


AC 00 STIC  C0B88CTI0H  PROCEDURE  TO  ACCOUNT  FOR  ABSENCE  OF 
FAN  DUCT  ACOUSTIC  TREATMENT  IN  727  TAILPIPE 


Tests  involving  the  DC-9  tailpipe  were  conducted  with  an  engine  having 
the  standard  production  double-wall  fan  duct  acoustic  treatment.  This 
duct  treatment  provides  a  significant  reduction  in  the  aft  radiated  fan 
noise.  However,  when  tests  were  performed  with  the  72  7  tailpipe  the 
engine  used  did  not  incorporate  the  duct  treatment.  This  allowed  fan 
noise  to  have  higher  levels  than  would  be  the  case  if  the  acoustic 
treatment  was  present. 

To  provide  727/5Z  mixer  results  more  representative  of  this  installation 
on  JT8D  engine  with  fan  duct  treatment  as  well  as  to  allow  direct  com¬ 
parison  data  acquired  with  the  DC-9/5M  mixer,  the  extra  fan  noise 
resulting  from  the  absence  of  the  treatment  was  analytically  removed 
from  the  noise  spectra  and  the  perceived  noise  levels  were  recalculated. 

The  magnitude  of  the  corrections  are  shown  in  Figure  B-l,  plotted 
against  thrust  level  for  each  angle  from  90  degrees  to  140  degrees.  The 
correction  was  negligible  at  high  thrusts,  and  increased  in  a  fairly 
regular  manner  as  the  thrust  decreased.  Figure  B-2  3hows  the  measured 
and  corrected  peak  PNL  versus  thrust  curves  for  the  tests  of  the  stan¬ 
dard  engine  configuration  and  with  the  5Z  mixer  installed.  It  is  noted 
that  the  correction  at  the  peak  PNL  angles  does  not  reach  0.2  PNdB  until 
the  thrust  decreased  to  9000  pounds  for  the  standard  conf iguration  and 
to  about  13,000  pounds  with  the  mixer  installed. 

The  noi  se  data,  corrected  as  described  above,  were  used  to  define  the 
PNLs  at  a  series  of  constant  thrust  settings  for  the  727  tailpipe  in  the 
standard  and  5Z  mixer  configurations  for  a  JT8D  engine  having  the  BG- 19 
duct  acoustic  treatment.  These  PNL  values  are  listed  in  Tables  VIII  and 
IX  in  Sect  ion  2.  2.  2.  2. 


Figure  B-l  PNL  Corrections  for  Fan  Duct  Acoustic  Treatment 
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